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The following factors are provided for conversion of
English values to metric values:

Multiply By To obtain
Feet (ft) 0.3048 metres (m)
Acres .4047 hectares (ha}
Acres 004047  square kilometres (km)
Square miles (sq mi) 2.590 square kilometres (ka)
Acre-feet {(acre-ft) .001233 cubic hectometres (hm3)
Cubic feet (ft3) .02832 cubic metres (m3)
Cubic feet per second .02832 cubic metres per second
(ft3/s) (m>/s)
Pounds (lbs) .4536 kilograms (kg)
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DATA ON SELECTED LAKES IN WASHINGTON,

PART 4

By J. B. McConnell, G. C. Bortleson, and J. K. Innes

ABSTRACT

This report, the fourth in a series, contains chemical, bio-
logical, and physical data collected from 31 lakes in Washington
during 1973. For each lake there is a description of the physical
setting, a general discussion of water quality, a bathymetric
map, and an aerial photograph. The basic data include depth
profiles of dissolved-oxygen concentration and temperature. Each
lake was sampled four times, from winter to late summer.

INTRODUCTION

Washington has more than 7,800 lakes, ponds, and.reservoirs
(Wolcott, 1964 and 1965), many of which provide excepticnal
recreational opportunities and supply water for agricultural,
municipal, and industrial purposes. 1In addition, the lake shore-
lines attract ever-increasing home construction and recreational
development. BAs more demands are placed on these lakes and their
basins, poteantial problems of nutrient enrichment and water-qual-
ity deterioration may develop. 1In order to detect any present or
potential conditions of water-quality impairment, it is essential
that existing conditions in Washington's lakes be investigated
and defined. .
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Purpose and Scope

Although both the importance and value of the Washington
lakes are widely recognized, the quantity and type of information
currently available for most of the lakes are not adequate to
provide the wunderstanding needed for wise management of the
lakes., Thus, the need to obtain additional information about
lakes resulted in the initiation in 1970 of a cooperative program
between the Washington Department of Ecology and the
U.S. Geological Survey, whereby selected lakes in Washington
would be investigated.

In general, the study consists of a data-collection program
designed to (1) dJocument the present water quality and the
overall status of the lakes, and (2) provide basic data
pertaining to the physical, cultural, and water-gquality
characteristics of lakes in order to establish a base of
reference that will allow future periodic reappraisals of lake
conditions and evaluation of changes.

This is the fourth in a series of reports on selected lakes
in Washington. The first three reports (Collings, 1973; Bortle-
son and others, 1974; and Bortleson and others, 1976) discuss 60
lakes throughout the State, and this report discusses an
additional 31 1lakes in the State (fig.l). One of the 31 lakes
has arms. joined by a narrow channel and each arm was discussed as
an individual lake.

Acknowledgments

The authors gratefully acknowledge the assistance of the
State of Washington Department of Game for permission to
reproduce many of the lake bathymetric maps. Many other
bathymetric maps were reproduced from reports by Wolcott (1964,
1965). Special appreciation is expressed to several lakeside
residents for their diligence in reading staff gages for
determining lake levels.
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Data Collected and Definitions

In this report, the data collected provide a basis for evalu-
ating future changes. Most of the field data were collected dur-
ing (1) the winter water-mixing period; (2) spring, shortly after
thermal stratification begins; (3) summer, during advanced ther-
mal stratification; and (4) late summer, at maximum thermal stra-
tification. The sample sites were generally near the deepest
part of the lake and are considered to be reasonably representa-
tive of the physical and chemical characteristics of the entire
lake. Data to define variations in temperature and dissolved
oxygen (DO) concentration at different depths were collected in
the field with portable instruments. Water samples for mineral,
nutrient, pH, and color analyses were collected at depths of 3
feet below the water surface and 4 to 5 feet above the lake bot-
tom. The mineral and nutrient analyses were performed by U.S.
Geological Survey laboratories using procedures described by
Brown, Skougstad, and Fishman (1970). Analyses for chlorophyll a
and fecal-coliform bacteria were performed using procedures des-
cribed by Slack and others (1973). Samples for phytoplankton
identification were collected about 1 foot below the lake surface
by use of a plankton net. The samples were preserved in Lugol's
solution and stored in the dark until examined. The phytoplank-
ton were identified by project personnel according to the
descriptions of Smith (1950) and Prescott {(1970).

Before presenting the results of each lake survey, an explan-
ation of terms used in describing individual 1lakes is given
below. The definitions of additional limnological and
hydrological terms used throughout the report are found in the
glossary (p.12). The parameters are discussed in the sequence
they appear on the data sheets.

Lake name. The lake name was taken from U.S. Geological Sur-
vey topographic maps. In common usage the term "Lake" may either
precede or follow the proper name. However, throughout this
report, the lake name is given first, and the lakes discussed
alphabetically.

Identification number. The lakes in this report are listed
in alphabetical order. The number associated with each lake is
in accordance with a numbering system used nationwide by the U.S.
Geological Survey to designate data-collection stations in stream
basins. Each lake has a unigue number which, like the lake name,
is a means of identification.
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Location. Latitude, longitude, township, range, and section
were determined from U.S. Geological Survey topographic maps.
The location given is at the lake outlet. For lakes without out-
lets, the southernmost shoreline point is used. Directions and
distances from prominent landmarks, such as towns, roads, and
rivers, are included to aid in rapid, easy location. The major
drainage system of each lake is indicated.

Physical characteristics of lake. From bathymetric maps of
the lake and from topographic maps, the following physical param-
eters were determined:

Drainage area.--The surface-drainage area, in square miles
(sq mi), is the area that contributes water to the lake.
These areas were delineated on U.S. Geological Survey
topographic maps and measured by planimeter.

Surface altitude.--A single altitude in feet (ft) above mean
sea level (msl), obtained from topographic maps, is given
for each of the lakes. o

Surface area (A).--The surface area of the lake, in acres,
was obtained from planimetry of the lake outline.

Volume (V).--Lake volume, in acre-feet, was obtained by com-
puting and then summing the volumes of each stratum of
water between successive contours on the bathymetric map.
Because lake volume can vary between seasons and from
yvear to year, the volume figures reported (as well as
other morphometric data) are intended only to describe
the general size of the lake.

Mean depth (%Z).--The mean depth, in feet, for a specified
lake stage, is obtained by dividing the volume of the
lake by its area.

Maximum depth (Zp).--The difference, in feet of elevation,
between the bottom and the surface of the lake.

Length of shoreline (L}.--The distance around, or perimeter,
in miles, of the water surface touching the shore at a
specified lake stage.

Shoreline configuration (Dy).--A dimensionless ratio of
length of shoreline to the circumference of a circle hav-
ing an area equal to that of the lake, given as
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This quantity may be regarded as an index of the geologi~-
cal and littoral processes affecting the shape of the
lake. :

Nearly circular lakes have values near unity, subcir-
cular lakes have slightly greater D1, values, and elongate
lakes have the highest Dy values. High D1, values are
common to lakes formed along old drainages or by the dam-
ming of streams to form a lake in the valley behind the
dam,

High values for shoreline configuration suggest the
presence of shallow water and protected bays--areas suit-
able for plant growth--and also indicate an increase in:
contact between land and water. Therefore, shoreline
configuration is often an indirect indicator of plant
growth capacity and enrichment potential from nearshore
development and runoff.

Development of volume (Dy ).--The development_of volume is
defined as the ratio of the mean depth (Z) to maximum
depth (Zp). Thus, lakes with a low Dy ratio are usually
conical depressions, whereas 1lakes with a high Dy ratio
are steep-sided and have flat bottoms. Shallow lakes
which have large Dy values tend to provide greater
opportunity for exposure of bottom sediments to overlying
water and for circulation of bottom nutrients.

Bottom slope (Zy}.--The . slope profile of a 1lake bottom,
expressed as a percentage ratio of the maximum depth to
the mean lake diameter, referred to by Hutchinson (1957,
p. 167) as relative depth, given as

=meSOx\A“fT.
d V&

Rooted aquatic plants often grow more profusely in a lake
with a gradually sloping basin (low Zr) than in a deep
lake with steep sides (high Zr).

Basin geology and soils. Information on basin geology and
soils was obtained from existing geologic maps and reports.
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Land use. The drainage basins of the lakes were partitioned
into” various generalized land-use categories., vValues c¢iven
reflect the percentages of the basin used primarily for forests
or for residential urban, residential suburban, or agricultural
development. The lake surface is also given as a percentage of
the total drainage basin. A general description of the land-use
categories is as follows:

a. Residential urban.--Predominant use is for single-family
residences on small lots, where apartment complexes
and commercial or industrial activities also may be
present.

b. Residential suburban.--~Predominant use is single-family
residences.

c. Agricultural.--Pasture or cropland.

d. TForest or unproductive,--Public and private forest lands
and tree farms. Lands may include cleared or fallow
unproductive land, meadows, wetlands, and seasonal
recreational areas.

e. Lake surfaces.--Includes surface areas of the lake and
upstream tributary lakes.

Nearshore residential development. The percentage of the
shoreline occupied by residential development was determined from
aerial photographs and by field observations.

Number of nearshore homes. The number of nearshore dwell-
ings, and whether the homes were mostly seasonal or permanent,
were determined from field observations.

Surface-water inflow and outflow. Miscellaneous measurements
of outflow, reported in cubic feet per second (ft3/s), are given
for lakes in which the outflow is controlled by natural condi-
tions. All discharge measurements made at inflow and outflow
sites during the 1972 water year were published by the U.S. Geo-
logical Survey (1972). -

Lake stage. The maximum Yériation in lake stage, in feet, is
given for the period of observation.

Macrophytes. These are large plants that can be seen without
magnification. The rooted aquatic-plant growth was assessed
according to the percentage of the lakeshore and water-surface
area covered by emersed and (or) floating plants and the percent-
age of the lake bottom covered by submersed plants. Examples of
emersed plants include cattails and sedges in which the leaves or
other structures extend above the water surface. 1In this report,
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rooted aquatic plants with floating leaves, such as waterlilies
and watershield, are considered emersed. Submersed plants, such
as hornwort and pondweeds, complete their. life cycle and live
entirely under the surface of the water. The plants were identi-
fied according to the descriptions of Steward, Dennis, and Gilkey
(1963) or Fassett (1969).

Bathymetric map. Depth-contour maps were prepared either by
the State of Washington Department of Game from data obtained by
sounding the lake or by the U.S. Geological Survey from data
obtained by use of a recording-chart fathometer.

The water-quality sampling site (symbol®) and fecal-coliform
sampling sites (symbol @) are shown on the bathymetric map of each
lake. The presence and location of a public boat access
(symbol &) 1is shown near the shereline contour of the map. The
location and direction of inflow and ocutflow streams is shown
graphically.

Aerial photograph. A vertical-view, black-and-white aerial
photograph is included for each 1lake. The approximate scale and
the date of aerial photography is indicated. '

Water-quality data. The water-quality variables measured are
reviewed briefly for each parameter.

Major chemical constituents.--In freshwater, the major anions
are bicarbonate, carbonate, sulfate, chloride, fluoride,
and, to a lesser extent, nitrate nitrogen and orthophos-
phate phosphorus. These anions are associated with the
principal cations--calcium, sodium, magnesium, and potas-
sium, and, to a lesser extent, iron and aluminum.
Silicon, too, 1is abundant in water but almost always
occurs as the compound silicon dioxide (silica).

Nutrients.--A nutrient is any chemical element, ion, or com-
pound that is required by an organism for the continuation
of growth, reproduction, and other life processes. Many
elements and compounds act as nutrients to supply the food
for aqguatic plants and algae. However, nitrogen and
phosphorus usually are considered the limiting nutrients
for plant growth and as such received the most emphasis in
this study. Whatever nutrient is limiting algal growth,
the concentrations of nitrogen and phosphorus are useful
in evaluating the trophic conditions of a lake (Lee,
1970). The nutrient concentrations that were determined
at top and bottom sampling depths included nitrate,
nitrite, ammonia and organic nitrogen, total phosphorus,
and orthophosphate phosphorus. Samples collected for
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orthophosphate analysis were filtered immediately through
a 0.45-pm (micrometre) Milliporel filter. The nutrient
samples were iced in the field and later refrigerated at
4°C (Celsius) until analyzed,

Suspended solids.--Suspended solids are those retained on a
0.45-pm filter.

Hardness.—--Water hardness is defined as the sum of the
polyvalent cations expressed as the equivalent quantity of
calcium carbonate (CaCO;). As a general rule, hard-water
lakes are more productive of plants and animals than
soft-water lakes, but there are many exceptions.

Specific conductance.--Specific conductance is a measure of
the water's ability to conduct an electric current and is
used as an approximation of dissclved-solids concentration
in the water.

pH.--pH is the negative logarithm of the effective hydro-
gen-ion concentration, expressed as a number from 0 to 14.
A pH of 7 is neutral, a pE of less than 7 is acidic, and a
pH of greater than 7 is basic.

Color.--Color is one control of 1light transmission through
water. High color values in many lakes result from the
decomposition of vegetation, which gives the water a
brown, tea-like color. Color is determined by a compari-
son of the water with standardized colored-glass discs and
is reported in platinum-cobalt (Pt-Co) units.

Chlorophyll a.--Chlorophyll a is a green photosynthetic pig-
ment present in plant cells, including algae. The concen-
tration of chlorophyll a in a water sample is a commonly
accepted indicator of algal biomass (Lee, 1970). Samples
for chlorophyll a (0.5-2 litres) .were filtered immediately
in the field using a 0.45-um Millipore filter. The fil-
ters containing the pigment were stored immediately in a
dessicator and iced in the field and later stored in a
dessicator at -20°C. Analyses were performed on samples
from 1 to 20 days after collection.

Fecal-coliform bacteria.--Fecal coliforms are that part of
the total coliform group derived from feces of warmblooded
animals, including man; their presence in water generally
is accepted as an indicator of recent fecal-waste
contamination. Samples were collected approximately 100
feet offshore at a depth of 1 foot at two to five stations

lThe use of the brand names in the report is for identification pur-
poses only and does not imply endorsement by the U.S. Geological Survey.
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at each lake. The sample locations and number of sample
sites are shown on the bathymetric map. The reporting
unit 1is the number of colonies per 100 millilitres of
water,

Total organic carbon.--The amount of organic carbon present

in a lake often is related to the primary productivity of
the lake. Organic carbon alsc may he derived from bottom
sediments or it may be transported into the lake from
outside sources.

Water-temperature profiles.--Water temperature, which varies

in lakes with depth and time of year, is an important
controlling factor for life processes and chemical-reac-~
tion rates as well as many physical events that occur in
the aquatic environment.

Generally, the water-temperature profiles of the lakes
studied show total mixing during the winter--nearly
uniform temperatures from top to bottom--and thermal
stratification during the summer. Temperature profiles in
lakes during midsummer, when thermal stratification may be
marked, follow one of two common patterns. In shallow
lakes, well exposed to the wind, temperatures are
practically constant from top to bottom. This uniformity
of temperature indicates that the waters are well mixed
throughout. The other common pattern occurs in deeper
lakes, where three characteristic thermal layers are pre-
sent: (1) an upper zone (epilimnion) of generally warmer
water in which temperature is more or 1less uniform
throughout; (2) an intermediate zone (metalimnion) in
which temperature declines rapidly with depth; and (3) a
lower 2zone (hypolimnion) of colder water in which
temperature is again more or less uniform throughout.

. Of special significance is the temperature of the
deep-water layer (hypolimnion) during midsummer because
(1} temperature stratification and water circulation
affect the vertical distribution of nutrients, and (2)
water temperatures affect the potential of cold-water
fisheries resources.
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Secchi-disc visibility.--Secchi-disc visibility is the depth
at which a white-and-black disc (8 inches in diameter)
disappears from view when lowered into the water,
Secchi-disc wvisibility depth is a measure of water
transparency or clarity. Because changes in biclogical
production can cause changes in the color and turbidity
of a lake, Secchi-disc visibility often is used as a
gross measure of the plankton in the water.

Dissolved-oxygen profiles.--The concentration of DO in a lake
varies with time of year and depth of water and is a
function of many factors including the water temperature,
atmospheric pressure, and salinity of the water. Also,
oxygen in water is continually being altered by 1life
processes, such as photosynthesis and respiration, and by
complex chemical reactions. Of special biological
significance is the amount of DO in the deep water during
midsummer. The organisms in the lighted upper layers of
water produce organic matter which settles to the bottom
where bacteria consume oxygen to degrade the organic
materials, thereby reducing the DO concentration in the
hypolimnion. The hypolimnetic-oxygen deficit frequently
is related to the biomass or plant growth in the upper
waters (Hutchinson, 1957). For good growth and general
health of trout, salmon, and other species of cold-water
biota, the DO concentrations should not be less than 6.0
mg/l (milligrams per litre) according to the Federal
Water Pollution Control Administration (1968).
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GLOSSARY OF LIMNOLOGICAL AND HYDROLOGICAL TERMS

Acre-foot. Volume of water required to cover 1 acre to a depth of
1 foot, and equal to 43,560 ft’.

Algae. Simple plants, many microscopic; contain chlorophyll and
lack roots, stems, and leaves. Most algae are aquatic and
may become a nuisance when environmental conditions are
suitable for prolific growth.

Algal bloom. A large number--often 0.5 to 1 million cells per
litre--of a particular algal species which may form
objectionable scums and odors upon decomposition.

Cultural eutrophication. The acceleration of the natural process
of nutrient enrichment in a lake as a result of man's activi-
ties.

Ephemeral stream. Flows only in direct response to precipitation,
it has no flow during periods of dry weather, and has a chan-
nel that is above the water table at all times. It receives
little or no water from springs and no long-continued supply
from melting snow or other sources.

Eutrophication, eutrophic. The enrichment of water, a natural
process that may be accelerated by the activities of man;
pertains to waters in which primary productivity is generally
high as a consequence of a large supply of available nutri-
ents.

Fall overturn. A natural mixing of thermally stratified waters
that commonly occurs during the early autumn. The sequence
of events leading to fall overturn includes (1) cooling of
surface waters, (2) density change in surface waters that
produce convection currents from top to bottom, and (3) cir-
culation of the total water volume by wind action. The over-
turn generally results in a uniformity of the physical and
chemical properties of the water.

Genus, genera. The taxonomic category below family, consisting
of one to many species.

Glacial drift. Rock debris that has been transported by glaciers
and deposited either directly from the ice or from the melt
water. The debris may or may not be heterogeneous.

Glaciofluvial deposits. Material moved by glaciers and subse-
quently sorted and deposited by streams flowing from the
melting ice. The deposits are stratified and may occur in
the form of outwash plains, deltas, kames, eskers, and kame
terraces.
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Intermittent or seasonal stream. Flows at certain times of the
vear when 1t receives water from springs or from some sur-
face source, such as melting snow in mountainous areas.

Littoral. The shoreward region of a body of water.

Loam. Soil material that contains 7 to 27 percent clay, 28 to 50
percent silt, and less than 52 percent sand.

Marsh. Periodically wet or continually flooded areas where the
Tand surface is not deeply submerged, covered dominantly with -
sedges, cattails, rushes, or other plants that require marshy
areas to grow.

Morphometry. Definition of physical shape and size, as of a water
body.

Muck. A mixture containing highly decomposed organic material in
which the original plant parts are not recognizable. Con-
tains more mineral matter, and is usually darker, than peat.

Plankton. Suspended organisms that drift with the water currents.

Production. The total amount of living matter produced in an area
per unit time regardless of the fate of the living matter.

_ Runoff. That part of the precipitation that appears in surface
streams.

Spring overturn. A natural mixing of thermally stratified water
that commonly occurs during the early spring. The sequence
of events leading to spring overturn includes (1) melting of
ice cover, if present, (2) warming of surface water, (3)
temperature change in surface waters that produces convection
currents from top to bottom, and (4) circulation of the total
water volume by wind action. The overturn results in a uni-
formity of the physical and chemical properties of the water.

Till. Unstratified glacial drift deposited directly by the ice

and consisting of clay, sand, gravel, and boulders intermixed
in any proportion.
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Alice Lake near Preston (12145490)

Location.
Southernmost shoreline point, at lat 47°31'52", long 121°53'24", in SE4SEY% sec.27, T.24 N.,

R.7 E., in King County, 1.9 miles northwest of Preston; Snohomish River basin. Fall city
quadrangle, 1:24,000.

Physical characteristics of lake,

Drainage area (,24 sq mi Mean depth 8,2 ft Shoreline configuration 1.7
Altitude 875 ft Maximum depth 30 ft Development of volume 0.27
Surface area 32 acres Length of shoreline 7,100 ft Bottom slope 2.2 percent
Lake volume 260 acre-ft
1

Basin geclogy.
Glacial drift (Liesch and others, 1963).

Soils.

Gravelly sandy loam with peat deposits on southwest side of lake (Poulson and eothers, 1952).

Land use (percentage of drainage basin). Urban 0, suburban 10, agricultural 0, forest or
unproductive 70, and lake surface 20.

Nearshore residential development. 66 percent.

Number of nearshore homes, 54.

Surface-water inflow and outflow. .
A smal% tributary flows %nto south end of lake. An estimate of inflow on February 23 was
0.4 £t /s; May 8, 0.1 ft/s; and June 25, <0.1 ft3¥/s. No inflow was observed on September 27.
The outflow is regulated by a barrier and screen.

Lake stage.
"_EEEE_E%Ebe varied 1.0 foot between February 23 and September 27, 1973.
Macrophytes. .
Shoreline covered by emersed plants, 76 to 100 percent.
Lake surface covered by emersed plants, 5 percent.
Lake bottom covered by submersed plants, 63 percent {thinly scattered).
Rooted aquatic plants observed were watershield (Brasenia sp.),* quillwort (Iscetes sp.),*

cattail (Typha sp.), white lily (Nymphaea sp.), yellow lily (Nuphar sp.), and sedge
{Cyperaceae),

Asterisk (*) indicates dominant aquatic plants.

Algae observed.
No data taken.

Summary and conclusicns.
The lake is partially surrounded by bogs and marsh. The beach and littoral zone is
mostly gravel and cobble but the lake bottom has a thin veneer of decayed organic material.

The lake is dilute in dissolved minerals and low in biological productivity. Chlorophyll

a and nutrient concentrations were among the lowest of the lakes studied. The DO was
depleted to nearly zerc, but only near the lake bottom. A large percentage of the lake
bottom is covered by water less than 5 feet deep which is often conducive to heavy rooted
aquatic plant growth. However, the lake bottom supported mostly quillwort, a thinly
scattered submersed plant. The nearshore homes occupied about 66 percent of the shoreline;
this is about a 60 percent increase in nearshore residences since 1968. Fecal-coliform-
bacteria counts were higher than most of the lakes studied. The highest counts were observed
in June when the mean of three samples was 86 cclonies per 100 ml.




Water-quality data for Alice Lake.

LAKE DATA

{Milligrams per litre unless otherwise indicated)
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Date of collection {1973} ---
Water depth {f&) -------m-wr-

$ilica {8i0y) ~----7"77TTTTTT
Dissolved iron (Fe), in ug/l--
Dissolved manganese {Mn)-----
{in ng/1)
Calcium (Ca} ------=sre---e---
Magnegium (Mg)
Sodium (Na) ----------
Potassium {K)

Bicarbonate (HCO3} ----------
Carbonate [c03) ..............
Sulfide [B)-=rm-=-mm====mm-an-
Sulfate {804)----=r-------==-
Chloride {Cl)--«---=-----e=-=
Hitrate nitrogen {as N)------
Niteite nitrogen {as N)--sn~--
Ammonia nitrogen {as N}------
Organic nitrogen {as N)------
Total phosphorus (as P)------
orthophosphate (as P}--------
Suspended solids (119°C}-----
Hardness as CaC0y (Ca,Mg)----

Specific conductange---------
(micromhos at 25°C)

pHE {pH unigs)-------ce-----o-
Water temperature (°C)-------

Color (Pt-Co scale)----------

secchi-disc (ft)---+-----=----
. Dissolved oxygen (PO)--------

Chlorophyll 2 in photic zone-
(in ng/1}

Pecal coliform
{col. per 100 ml)

Range--
Mean---

Total organic carbon (as C€)--

EXPLANATION

Temperdiure
Dissolved oaxygen concentrotion
Theoreticol  dissolvad
oxygen  sotergtion

February 23

3 26
1.2 1.3
50 30
0 0
1.0 --
.3 --
1.1 -~
.3 -
2 6
2.7 --
1.7 --
.08 .06
.00 .00
10t .09
.19 .19
.0l6 .012
.002 .00l
3 -
4 -
14 13
7.3 6.9
6.1 5.7
15 15
1l
12.0 12.0
2.6 --
41-<1
<1
5.5 .
3
2| 4
R N
L - —
z 9N |7

=
T
1

LAKE DEPTH,
&
T
!

221 -
26 [~ —
]

3010 2 16

May 8

3 26
0.5 1.1
40 40
10 2Q
? 6
.01 .05
.00 .Q0
.08 .15
.25 .15
.¢le .0l4
007 . D04
14 15
8.5 5.9
12.8 8.1
5
8.5
9.9 3.8
2.4 --
9-612
31
4.5 --

TEMPERATURE, IN
6 B 2 133
T

4 8 12
DISSOLVED —OXYGEN CONCENTRATION,

CEGREES

June 25
3 25
0.4 ¢.7
40 220
1] 10
8 10
.01 .00
i) .00
.06 .19
.11 .01
.0l1 .018
002 002
14 16
7.0 5.7
18.9 9.6
10 15
14
8.6 1.0
.8 --
3-125
86
6.0 --
CELSIUS
12 15 20
T

L]
[0}

0 2
IN MILLIGRAMS PER LITRE

September 27

-3 20
0.3 0.2
80 50
1¢ 0
16 --
.3 -
1.1 -
.3 --
8 9
2.8 --
1.5 --
.03 .03
.00 .00
.04 .06
.24 .26
.008 .011
.006 .009
9 -
10 --
15 14
8.7 8.0
15.1 14.1
o 1]
12
2.0 8.2
<1-35
12
a5 - -
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Unnamed
outiet
channel

Unnamed
tributary
0 500 1000 FEET
L, ] | ] |
EXPLANATION
10— ®
Line of equal Cecliform bacteria
water depth sampling site

Interval 5 feet

a A
Water quality Public boat access
sampling site

Marsh

Alice Lake, King County. From Washington Department of Game, June 3, 1946.



LAKE DATA

Alice Lake, King County. May 17, 1973. Approx. scale 1:4800.
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Amber Lake at Amber (13351520)

Location. i .
Southernmost shoreline point, at lat 47°20'35", long 117%43'15", in SW4NEY% sec.2, T.21 N.,

R.40 E., Spokane County, 0.8 mile southeast of Amber; Palouse River basin. Cheney
quadrangle, 1:62,500.

Physical characteristics of lake.

Drainage area 2.56 gq mi Mean depth 17 ft Shoreline configuration 2.9
Altitude 2,160 ft Maximum depth 40 ft Development of volume (.42
Surface area 120 acres Length of shoreline 23,000 ft Bottom slope 1.6 percent
Lake volume 2,000 acre-£ft

Basin geoclogy.
Basalt (Huntting and others, 1961},

Seoils.
Shallow, stony soils, stony silt loam, and local deposits of silty clay loam on north side

of lake (Donaldson and Giese, 1968).

Land use {percentage of drainage basin).
or unproductive <1, and lake surface 7.

Nearshore residential development. 5 Percent.
Number of nearshore homes,. 4.

Urban 0, suburban <1, agricultural 93, forest

Surface-water inflow and ocutflow.
No inflow to Amber Lake was observed during April-October, 1973. A small outflow of less
than 0.1 ft’/s was present on April 4, but on subsequent visits the outlet was dry.

Lake stage.
Lake stage varied 2.8 feet between April 4 and October 1, 1973.

Macrophytes.
Shoreline covered by emersed plants, 1 to 25 percent.
Lake surface covered by emersed plants, 1 percent.
Lake bottom covered by submersed plants, 50 percent.
Rooted aquatic plants observed ware pondweed (Potamogeton sp.),* yellow lily (Nuphar sp.),
sedge (Cyperaceae), coontail (Ceratophyllum sp.), waterweed (Elodea sp.), muskgrass (Chara, sp.)
and water milfoil (Myriophyllum sp.).

Algae observed.
May 22 - Predominantly diatoms (Dinobryon sp..* Fragillaria sp., Synedra sp.).
July 10 - A mixed population of diatoms (Fragillaria sp., Tabellaria sp.,Synedra sp.) and
blue-green algae (Anabaena sp.).
Oct. 2 - A mixed population of diatoms (Fragillaria sp.,* Synedra sp.) and blue-green algae
{Aphanizomenon sp., Anabaena sp., Polycystis sp.).

Asterisk (*) indicates dominant aquatic plants.

Summary and conclusions.
Amber Lake is a long narrow lake with steep basalt cliffs located in the eastern Washington
channeled scablands. Most of the shore adjoins pasture and grazing land.

The lake appears high in biclogical productivity. The nutrient and chlerophyll a concen-
tration were moderate, and dense blooms of diatoms and blue-green algae occurred during

the summer. Much of the littoral zone is muck and supported a very heavy growth of aquatic
macrophytes. The shallower southern end of the lake had an especially dense growth of
pondweed.




Water-guality data for Amher Lake.
fMilligrams per litre unless otherwise indicated)
9
Date of collection {1973} --~- April 4 May 22 Fuly 1Q Octeher 2
Water depth (ft) w----------- - 34 A a4 -3 - A3 —— —30
Silica {8i0,) --==T-TTooTomeo 1.2 1.3 2.0 4.0 2.6 3.6 8.6 2.1
Dissolved iron (Fe}, in ng/l- 40 S0 40 &0 30 150 60 70
Dissolved manganese (Mn)----- lo 30 10 60 20 340 60 50
{in pg/l}
Calcium (Ca) ---------c------ 22 -- -- -- - - 17 -
Magnesium (Mg} ------c-o-cen 12 -- -- -- - - 13 -
Sodivm (Na) ---ee---c--seo--- 16 -- -- -- - - 18 -
Potassium (K} --------------- 8.3 -- -- -- - -- 8.4 .-
Bicarbonate (HCO3} -----ve--- 158 160 162 161 147 166 163 163
Catbopate (€05)-----------=-- -- b -- -- ? -- 0 --
Sulfide (8§)-----------r------ - - -- -- -- -- -- --
Sulfate {SO4) 6.1 i - -- -- -- 4.7 -
Chloride {C1) 5.1 -- -- -- -- - 4.9 -
Nitrate nitrogen (as .02 .02 .04 .02 .02 .02 .02 .02
Nitrite nitrogen (as N)---«-- 00 .00 .00 .00 .00 .00 .00 .00
Ammonia nitrogen {(as N)---«-- 09 .11 .05 .14 .10 .11 .16 .14
Organic nitrogen (ag N).+---- 22 .22 .66 .57 3.9 .10 .74 .78
Total phosphorus (as P}------ .027 -034 .020 .0B5 030 .054 .042 .40
Orthophosphate (as P)-------= 002 .00l .002 .003 .002 .018 012 .011
suspended solids (110°C}----- 2 -- - - . - 3 .
Hardness as CaC03 (Ca,Mg)---- 100 -- .- - . . 96 .
Specific conductance-------=-- 250 240 268 264 260 272 249 255
(micromhds at 25°C)
pH (pH uniks)---------------- 6.9 7.2 B.2 7.8 8.8 7.4 9.4 8.9
Water temperature {°C}------- 8.0 7.0 16.3 12.3 21.0 14.7 14.0 13.8
Color (Pt-Co scale)---------- 10 10 30 30 1] 0 0 5
Seechi-dige {ft)---------vu-- 9.8 16 18 9.8
Dissolved oxygen (DO)-------= 10.5 9.6 9.6 4.1 9.0 0.1 ? 6.6
Chlorophyll a in photic zone- 2.0 -- 1.3 -- 7.9 . . -
(in ug/1)
Fecal coliform Range-- <1-<1 <1-<1 <1-1 <1-<1
{col. per 100 mi} Mean--- <1 <1 <1 <1
Total prganic carbon (as C}-- 8.0 -- 8.0 -- 11 . 9.5 e
TEMPERATURE, IN DEGREES CELSIUS
EXPLANATION 5 3 7 318 19 23 16
LR
- .
Temperature o o
LY
= -
Dissclved oxygen concenlration - 1
IE —
o —
Theareticol  dissolved w
oxyqen saturation -
w
¥ .
L 4
= — -
11} J I . 1
3 7 1l o 2 -] 10 6 B 12

DISSOLVED —OXYGEN CONCENTRATION, IN

MILLIGRAMS PER

LITRE
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9] 1500 3000FEET
1 I | | |
EXPLANATION
15 @
Line of equal Coliform bhacteria
%ﬁﬁTEd water depth sampling site
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a F
Water quality Public boat access

sampling site

Amber Lake, Spokane County. From Washington
Department of Game. February 7, 1947.
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=
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=
=
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=

Amber Lake, Spokane County. July 25, 1974. Approx. scale 1:15,000.
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Clear Lake at Clear Lake {(12200020)

Location,

Southernmost shoreline point, at lat 48°27'15", long 122°13'26", in NwiNwY% sec.7, T.34 N.,
R.5 E,, Skagit County, 0.8 mile southeast of town of Clear Lake; Skagit River basin.
Clear Lake quadrangle, 1:62,500.

Physical characteristics of lake.

Drainage area 240 sq mi Mean depth 23 ft Shoreline configuration 1.2
Altitude 30 ft Maximum depth 44 ft Development of volume 0,52
Surface area 200 acres Length of shoreline 13,000 £t Bottom slope 1.3 percent

~ Lake volume 4,600 acre-ft

Basin geology.
Sedimentary rocks, glacial drift, and alluvium (Huntting and others, 1961),

Scils.

~5ilt lcam, gravelly loam, sandy loam, shallow stony soils, and local peat deposits on
southeast side of lake (MNess and others, 1960).

Land use (percentage of drainage basin). Urban 5, suburban 4, agricultural 24, forest or
unproductive 54, and lake surface 13.

Nearshore residential development. 25 percent.

Number of nearshore homes. 26.

Surface-water inflow and outflow.
Clear Lake 1s fed by a trlbutary on the northeast side of the lake. An estimate of inflow
on March 20 was 1.5 £t /s; May 17, 1.0 ft /s, July 3, 1.0 ft /s, and Sept. 22, 0.3 fts/s.
No ocutlet was observed on the lake.

Lake stage.
Lake stage varied 1.0 foot between March 20 and September 22, 1973.

Macrophytes.
Shoreline covered by emersed plants, 76 to 100 percent.

lLake surface covered by emersed plants, 2 percent.

Lake bottom covered by submersed plants, 29 percent.

Rooted aquatic plants observed were pondweed (Potomogeton sp.},* cattail (Typha sp.),
white 1lily (Nymphaea sp.), yellow 1lily (Nuphar sp.), sedge (Cyperaceae), watershield
{(Brasenia sp.), coontail (Ceratophyllum sp.), waterweed (Elodea sp.), muskgrass

{Chara sp.), and ‘'wildcelery (Vallisneria sp.).

Asterisk (*) indicates dominant aquatic plants.,

Algae observed.
May 18 - Predominantly flagellates (Ceratium sp.) and some diatoms (Dinobryon sp.).
July 2 - Predominantly diatoms (Dinobryon sp.} and some blue-green algae (Anabaena sp.).

Summary and conclusions
The small town of Clear Lake is located on the west shore of the lake, but approximately
75 percent of the shoreline adjoins pasture and farmland.

The lake is probably moderate in bioclogical productivity. A high density of flagellates
and diatoms was observed in May and July. The littoral zone supported a moderate growth
of pondweed and other aguatic macrophytes. BAbout one-third of the lake bottom was covered
with submersed plants. The lake was vertically mixed in March. However, by July thermal

stratification was well establlshed and the oxygen was depleted to nearly zero in the
hypelimnion.



Water-quality data for Clear Lake (Skaqit County)
[Milligrams per litre unless otherwise indicated]
pDate of collection {1973) --- March 20 May 18 July 3 septemher 22
water depth {ft) —-ocooooooao 3 g 4  __a’a _ 3 3 4 33
Silica (Si0Gy) -===--===-="-"~ 3.9 4.0 0.1 5.7 0.4 6.9 1.5 7.1
Dissolved iron {Fe), in ug/l- 240 270 120 260 90 580 120 1,300
Dissolved manganese (Mn)----- 40 24 50 230 20 790 60 1,400
{in ug/1)
Calcium (€a) ---------------- 9.9 -- -- .- -- -- 8.9 -
Magnesium {Mg} ~------------~ 2.7 -- -- -- - - 2.9 -
sodium (Na} ----------------- 3.9 -- -- -- -- -- 4.5 -
Potassium {K) --------------- 1.5 -- -- -- - -- 2.0 _-
picarbonate (HCO3) ---------- a8 39 41 kl:) 44 50 46 59
Carbonate [(C0g)-------------- -- -- -- -- -- -- - -
Sulfide (8)--------~-=------- -- -- -- -- -- -- -- --
Sulfate (804)----------=------ 4.5 -- .- -- -- -- 4.6 -
Chloride {Cl)---------------- 4.8 -- -- -- - -- 4.3 --
Nitrate nitrogen {as N)------ 22 .21 .02 .21 .01 .13 .01 .01
Nitrite nitrogen (as N)------ .01 .01 .00 .00 .00 .00 00 .00
Ammonia nitrogen {as N}------ -11 11 07 .13 .03 .10 .04 10
Orgenic nitrogen {as B}------ .25 .21 .10 .06 .06 .00 .20 29
Total phosphorus {as P}------ -037 .034 -Q06 .013 .005 .0ls .0L13 .o018
Orthophosphate {as P)--- .00 .Q02 -0o2 .002 .02 .003 .00l .00
Suspended solids (110°C} 4 -- -- -- - -- 1 .
Hardness as Cac0y {Ca Mg)---- 36 e -- - -- -- 34 -
Specific conduckance--------- 85 85 89 85 87 24 B8 109
(micromhos at 25°C)
pH (pH unitg)------------o-e 6.3 6.5 7.6 6.9 7.2 6.4 7.9 7.1
Water temperature (°C)------- 7.0 6.7 19.0 7.8 19.3 8.5 17.0 9.8
Color (Pt-Co scale)---------- 20 20 10 10 il o 25
Secchi-disc (ft)--------=----- 9.5 12 15 22
Dissclved oxygen {DQ)-------- 11.9 11.5 10.3 2.9 1.4 8.6 2
Chlorophyll a in photic zone- 4.6 -- 1.7 -- - 1.2 .
(in ug/1}
recal coliform Range-~ 2-2 8-14 <1-<1 1-7
{eol. per. 100 ml) Mean--- 2 7 <1 4
Total organic carbon (as C)-- 5.5 -- 6.0 -- 5.5 - 4.0 --
TEMPERATUDRE, IN ODEGREES CELSIUS
] 6 8 12 16 20 a 12 16 20 ]
EXPLANATION T T T T T T T T T 1 -}‘l T
i
- ] - 4 | - j L
/ Temperoiure [ n L .:\ e i' L
uw . ) I
z ) i
Dissalved oxygen concentration N N I~ L/ 1 '
x . - P L
£ p
"} Thearetical  dissolved w i B n -
;7 axygen  sgturation - - ] 4
w
¥ - o - o
<
pr} 1 - - =
| YR W N S 1
16 0 2 [] [(a] 14 Q

BISSOLVED —OXYGEN CONCENTRATION,

IN mMILLIGRAMS PER LITRE
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A
Public boat access

Clear Lake, Skagit County. From Washington Department of Game, June 28, 1948
'Y .
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Clear Lake, Skagit County. July 30, 1973, Approx. scale 1:12,000.
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Clear Lake near Medical Lake (12464670)

Location.
Southernmost shoreline point, at lat 47°30'58", long 117°42'22", in SE4%NW4% sec.l, T.23 N.,
R,40 E., Spokane County, 4.2 miles south of town of Medical Lake; Crab Creek basin.
Medical Lake quadrangle, 1:24,000.

Physical characteristics of lake,

Drainage area 9.51 sq mi Mean depth 2¢ ft Shoreline configuration i 2
Altitude 2,342 ft Maximum depth 110 ft Development of volume 0.24
Surface area 410 acres Length of shoreline 48,000 £t Bottom slope 2.3 percent

Lake volume 11,000 acre-ft

Basin geology.
Basalt (Huntting and others, 1961).

Soils.
Mostly stony silt loam (Donaldson and Giese, 1968),

Land use (percentage of drainage basin). urban 1, suburban 0, agricultural 59, forest or
unproductive 21, and lake surface 19.
Nearshore residential develdpment. 23 percent.

Number of nearshore homes. 28,

Surface~water inflow and outflow.

A small inflow (less than 0.1 ft’/s) to Clear Lake was observed on April 5 and May 21, 1973,
On July 9 and October 1, the inlet was dry. No outflow was observed,

Lake stage.
Lake stage varied 2.6 feet between April 5 and Octcber 1, 1973. Fragmentary lake-stage data

can be obtained from a report by U.S. Geological Survey (1974},
Macrophytes. .
Shoreline covered by emersed plants, 1 to 10 percent.
Lake surface covered by emersed plants, 0.5 percent.
Lake bottom covered by submersed plants, 27 percent.
Rooted aquatic plants observed were water milfoil (Myriophyllum sp.),* cattail (Typha sp.),
sedge (Cyperaceae), coontail (Ceratophyllum sp.), waterweed (Elodea sp.), and pondweed

(Potamogeton sp.).

Algae observed.
May 21 - A mixed population of diatoms (Fragillaria sp.)* and blue-green algae
(0scillatoria sp.).
July 9 - Predominantly blue-green algae (Aphanizomenon sp.,* Anabaena sp.) and some
green algae (Staurastrum sp.)} i
Oct. 1 -~ Predominantly blue-green algae (Aphanizomenon sp.,* Anabaena sp.).

Asterisk (*) indicates dofinant aquatic plants.

Summary and conclusions.
Clear Lake is a deep lake located in a basalt channel scoured by glacial floodwater.
The lake appears high in biological productivity. An intense bloom of blue-green algae
occurred in the spring and summer. The chlorophyll a concentration, which ranged from
6.6 to 12 ng/l, was among the highest of the lakes studied. The maximum depth of the lake
is 110 feet, yet by midsummer the DO was entirely depleted below a depth of about 24 feet.
The steep, rocky littoral zone along the eastern and northern shores supported only a sparse
growth of aguatic macrophytes, Most of the agquatic plant growth occurred in the shallower
southern part of the lake. Water milfoil was the predominant submersed plant.




Water-quality data for Clear Lake (Spokane County)

LAKE DATA

[Milligrams per litre unless otherwise indicated]

31

Dze of collection (1S573) .- April 5
Wazer depth (EE) o _____. 3 9B
Silica (8i0,) ~-=--""="==---- 0.1 1.5
Dissolved iron (Fe), in ug/l- 9 140
Dissolved mangancse {dna}----- 10 530
(in ngAsl)
Calcium (fa) ------------—--- 18 -
Magnesium (Mg} -------oane - 29 o
Sedium {Na) --------rooeeen 99 .
Potassium (K) --------~------ 17 .-
Bicarbonate [HCO4) ---------- 3g9 404
Carbonate (CO3:| ffffffffffffff .- -
Sulfide {S}----—---—---=------- -- o
Sulfate (SOg)-----+------=--~ 5.9 -
Chloride (Cl)------------ ---- 43 --
Nitrate nitrogen {as N}------ .04 .0l
Nitrite nitrogen {as N)------ .0L .01
Ammonia nitrogen (as M)------ .16 1.5
Organic nitrogen {as N)------ 1.8 1.0
Tatal phosphorus {as P)-——--- . 055 .18
Orthophosphate (as P)-------- -025 .020
Suspended solids (110°C)----- 62 --
Hardness as CaCO3 (Ca,Mg)---- 160 --
Specific conductance--------- 641 650
{micromhos at 25°C)
pH {pH units}---------m-momq- 8.6 8.4
Water temperature (°C)------- 7.3 4.0
Color {Pt-Co scale)---------- 10 10
Secchi-dise {ft)------------- 5.6
pissolved oxygen {(DO}-------- 11.1 .6
Chlorophyll a in photic zone- 6.6 --
{in ug/1}
Fecal coliform Range-- <1-1
{col. per 10C ml} Mean--- <L

Total organic carben (as C}-- 17 -
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|
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Water quality
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@
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! ¢hannel

&
Public boat access

Clear Lake, Spokane County. From Washington
Department of Game, February 8, 1956.
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Clear Lake, Spokane County. July 25, 1974. Approx. scale 1:14,000.
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Crabapple Lake near Tulalip (12157950)

Location,
Southernmost shoreline point, at lat 48°07'49", long 122°16'22", in SE4SEY% sec.34, T.31 N.,
R.4 E., Snohomish County, 4.9 miles north of Tulalip; Tulalip Creek basin. Stanwood
quadrangle, 1l:24,000.

Physical characteristics of lake.

Drainage area 1.20sq mi Mean depth 18 ft shoreline configurationl.4d
Altitude 415 £t Maximum depth 49 ft Development of volume 0.37
Surface area 35 acres Length of shoreline 6,000 ft Bottom slope 3.5 percent
Lake volume 650 acre-ft .

Bagin feologﬁ.
acla rift deposited principally as ground moraine (Newcomb, 1952).

Soils.
Gravelly sandy loam (Anderson and others, 1947),

Land use (percentage of drainage basin). Urban 0, suburban 4, agricultural 0, forest or
unproductive 89, and lake surface 7.

Nearshore residential development. 53 percent.

Number of nearshore homeg. 33.

Surface-water inflow and outflow.
During 1973, Crahapple Lake had an observed inflow and outflow onlg early in the year.
on March 14, 1973, the inflow and outflow were estimated at 1.0 ft°/s and 1.5 Eta/s,
respectively. Between May and September no inflow or outflow was observed.

Lake stage.
Lake stage varied 1.2 feet between March 14 and September 25, 1973.

Macrophytes.

. Shoreline covered by emersed plants, 1l to 25 percent.

‘Lake surface covered by emersed plants, 0.8 percent.

Lake bottom covered by submersed plants, 2 percent.

Rooted aquatic plants observed were yellow lily (Nuphar sp.),* waterweed (Elodea sp.),*
cattail (Typha sp.}, white lily (Nymphaea sp.), pondweed (Potamogeton sp.): stonewort
(Nitella sp.), and quillwort (Isoetes sp.).

Algae observed.
May 30 - A mixed population of flagellates {Ceratium sp.)*® and blue-green algae (Nostoc sp.}.

Asterisk (*) indicates dominant aquatic plants.

Summary and conclusions.

During the winter mixing period, Crabapple Lake had the highest concentration of nitrate
nitrogen (0,86 mg/l) of the lakes studied, and throughout the summer the nitrate level
remained relatively high. The total phosphorus concentration (0.022 mg/l) was also high,

A bloom of flagellates and blue-green algae was observed in the spring, However,
chlorophyll a levels were generally moderate. The littoral zone was composed primarily of
muck, but supported only a light growth of aguatic macrophytes. The biological productivity
of the lake appears' to be moderate.




Water-guality data for Crabapple Lake

LAKE DATA

{Milligrams per litre unless otherwise indicated]
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pate of collection (1973) --- Mareh 14
water depth (ft) R EEEE —3—-—_6
Silica [8iDp) ---=-"=7777777 1.6 2.0
Dissolved iron (Fe), in ng/l- 30 40
Dissolved manganese (Mn)----- 20 o
(in ug/1}
calcium {Ca) ------vaw--oo--- 4.1 __
Magnesium (Mg} -----e---r---- 1.2 .
Sodium {Ha) ----e----e------- 2.8 .
Potassium (K) --------------~ 6 .
Bicarbonate {HCO3) ---------- 10 g
Carbonate (Coa) .............. <= .
Sulfide (§)-ccmemm-mmmmmwmmn- - -
Sulfate {804)---------------- 4.2 -
Chloride (Cl)---mme--m-=m==n= 3.6 -
Nitrate nitrogen {(as M)------ .86 .89
Nitrite nitrogen (as N)------ .0l .00
Ammonia nitrogen (as N)------ .06 .07
Organic nitrogen {as N)------ .41 .30
Total phosphorus (as P}------ 022 .016
Orthophosphate {as P)-------- .002 .00
Suspended solids {110°C)----- 3 -
Hardness as CaCOy (Ca, Mg}---- 15 -
Specific conductance--------- 46 46
{micromhos at 25°*C)
pH (pH units)-------e-------- 7.0 6.9
Water temperature {°C)------- 6.8 4.9
Color (Pt-Co scale)---=------- 10 10
secchi-disc {(ft)------=------ 11
Dissolved oxygen (DO}-------- 12.0 10,1
Chlorophyll a in pheotic z2one- 4.2 --
{ng/1}
Fecal coliform Range- - 1-7
lcol. per 100 ml) Mean--- 3
Total organic carben {as C)-- 5.0 --
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= A
Water quality Public boat access

sampling site

Crabapple Lake, Snohomish County.
From Washington Department of Game, July 11, 1952,
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Crabapple Lake, Snohomish County. July 14, 1973. Approx. scale 1:4800.
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Day Lake near Lyman (12196170)

Location.

Lat 48°24"26", long 121°58'34", in SE%SW% sec.25, T.34 N., R.6 E., Skagit County, 12.5 miles
south of Lyman; Skagit basin. Oso quadrangle, 1:62,500.

Physical characteristics of lake.

Drainage area 6.445q mi Mean depth 23 ft shoreline configuration 2.0
Altitude 1,602 ft Maximum depth’ 48 ft Development of volume 0.49
Surface area 130 acres Length of shoreline 16,500 ft Bottom slope 1.8 percent
Lake volume 3,100 acre-ft

Basin geology.
Metamorphic rocks in hills to east and west, and alluvium in valley (Huntting and others,
1961}.

Soils.
Shallow, stony soils with local peat deposits (Ness and others, 1960).

land use (percentage of drainage basin), Urban 0, suburban 0, agricultural 0, forest or
unproductive 97, and lake surface 3.

Nearshore residential development. O percent.

Number of nearshore homes, 0.

Surface-water inflow and outflow.

Day Lake has several perennial inflows, the two largest being Fish Creek and _the inflow at the
southeast end of the lake. An estimate of total inflow on March 9 was 28 ft’/s, May 17,

29 ft /s, July 2, 9 ft /s, and Sept 20, 1 fe3 /s. Day Creek, the outlet, on the same dates
had measured discharges of 50.0 ft /s, 46.8 ft /s, 15.0 £t /s, and 5.5 ft /s, respectively.

Lake stage.
Lake stage varied about 0.9 foot between March and September 1973.

Macrophytes.
Shoreline covered by emersed plants, 51 to 75 percent.

Lake surface covered by emersed plants, 1 percent.

Lake bottom covered by submersed plants, 8 percent.,

Rooted aquatic plants observed were pohdweed (Potamogeton sp.),* cattail (Typha sp.},
yellow 1lily (Nuphar sp.}, sedge (Cyperaceae), and water plaintain (Alisms sp.).

Algae observed.
May 17 - Predominantly diatoms {Dincbryon sp.* and Astericnella sp.).

Asterisk (*) indicates dominant aquatic plants.

Summary and conclusions.
Day Lake, a remote lake in the foothills of the Cascade Range, appears to be low in
biological preductivity. The chlorophyll a concentration (range from 0.8 to 1.5 ng/l) was
the lowest for the lakes studied. A high cell density of diatoms was observed in the spring
of the year. Aquatic macrophyte growth was light. Year-round surface inflow and outflow
continually flushed the lake. Boating is hazardous because of many submersed upright snags
in the lake that have either rotted or been cut off at the water line.




Water-quality data for Day Lake,

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date of collection (1973).--ua-
Water depth (ft)--=—-—=-----—-
Silica {$iQg4)=~---=-—-------o-
Dissolved iron {Fe}, in ug/l--
Dissolved manganese {(Mn}----—--
tin pg/1)
Calcium (Ca) ---w----ccce-mn
Magnesium (Mg} --~----ca--v--
sodium (Ma) --——canwr-—moo--—
Potassium (K) -------=-=-----=
Bicarbonate {HCO3) ----------
Carbonate (COg)--------------
Sulfide (S)------c-------e--o
Sulfate (804)--------mcmr--o=
Chloride (€l)-----=-----—-~+--
Mitrate nitrogen (as N)------
Nitrite nitrogen {as W)------
Ammonia nitrogen (as N}------
Organic nitrogen (as N)------
Total phosphorus {as P)------
orthephosphate {(as BP)--------
Suspended solids (110°C)-----

Hardness as CaC03 (Ca, Mg)----

Specific conductance---------
(micromhos at 25°C)

pH (pH units)---=-«-----------
wateyx temperature [*C}-------
Color (Pt-Co scale}--------=--
Secchi-dise (ft)-------u-n--n
Dissolved oxygen (DO)-------=

Chlorophyll a in photic zone-
{ug/1}

Fecal coliform
(col. per 100 ml)

Range--
Mean---

Total organic carbon {as C)--

EXPLANATION
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Day Lake, Skagit County. From U.S. Geclogical Survey, August 23, 1973.
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Day Lake, Skagit County. June 5, 1970. Approx. scale 1:12,000.
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Deer Lake near Clinton (12128150)

Location.
Lat 47°58'28", long 122°22'41", in NEMNEY% sec.26, T.29 N., R.3 E., Island County, 1.2 miles
west of Clinton; unnamed tributary to Possession Socund. Maxwelton quadrangle, 1:24,000,

Physical characteristics of lake.

Drainage area 1.19s8q mi Mean depth 20 ft shoreline configuration 1.3
Altitude 352 ft Maximum depth 50 ft Development of volume 0.40
Surface area 8l acres Length of shoreline 8,900 ft Bottom slope 2.4 percent
Lake volume 1,700 acre-ft

Basin geology.
Glacial drift (Huntting and others, 1961).

Soils.
Gravelly sandy locam with some loamy sand (Ness and Richins, 1958},

Land use (percentage of drainage basin). Urban 0, suburban 5, agricultural 15, forest or
unproductive 69, and lake surface 1l.

Nearshore residential devélopment. 67 percent.

Number of nearshore homes. 432.

Surface-water inflow and outflow.
No inflow to Deer Lake was observed between March and September 1973. The outflows on
March 16 and May 15, 1973 were estimated to be 0.3 ft /s and less than 0.1 ft /s.
respectively. On June 26 and September 19, the outlet was dry.

Lake stage.
Lake stage varied 0.5 foot between March 16 and September 19, 1973.

Macrophytes.
Shoreline covered by emersed plants, 26 to 50 percent. \

Lake surface covered by emersed plants, 2 percent.

Lake bottom covered by submersed plants, 5 percent.

Rooted aquatic plants observed were sedge (Cyperaceae),* muskgrass (Chara sp.) ,* cattail
(Typha sp.), yellow lily (Nuphar sp.), and quillwort (Isoetes sp.).

Algae observed.
June 26 - A mixed population of diatoms (Dincbryon sp.,* and Asterionella sp.) and
blue-green algae (Nostoc sp.).

Asterisk (*) indicates dominant aquatic plants.

Summary and conclusions.
Deer Lake appears to be low to moderate in biological productivity. The chlorophyll a
concentrations during the spring and summer were low. The lake was vertically mixed in
March. By June, strong thermal stratification had developed and the DO was depleted to
nearly zerc in the hypelimnion. During a visit to the lake in June, a bloom of blue-green
algae and diatoms was observed. Aquatic macrophyte growth was sparse. Residential develop-
ment around the lake has doubled since 1853. MAbout 43 homes now occupy the nearshore area
of the lake.




Water-quality data_ for Deer Lake.

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date of collection (1973)——-—--

March 16

Water depth (ft}----—~-ceeemen 3 46
Silica {8i0j)--—--—-----m——- 1.0 1,0
Dissolved iron {Fe), in pg/l-- 40 40
Dissolved manganese (Mn)------ 20 0

(in pg/l}
Calcium {Ca) ----ewr--ao-—__- 4.7 .
Magnesium (Mg) -mee--cecaeo-a 2.6 -
Sodium (Na) ------cmmeoo-- 4.8 -
Potassiuwm {(K) ---~=----c-----= 1.2 __
Bicarbonate (HCO3)} ---------- 16 16
Carbonate {C03)--~--v—=mn-—-- - __
Sulfide (S} - -
Sulfate (804)----=----------- 9.1 -
Chloride {Cl)-----c--cecaco-n 5.8 -
Hitrate nitrogen [as N)------ .01 ,0L
Nitrite nitrogen (as N}------ oL o1
Ammonia nitrogen (as N)------ 08 .06
Organic nitrogen {as N)------ .39 .40
Total phosphorus {as P}------ -059
Orthophasphate {as P)-------- -002
Suspended solids (110°C) 4 -
Hardness as CaCO3 (Ca,Mg)---- 21 -
Specific copductance--------- 66 €6

{micromhos at 25°C)
pH (pH unitg)------------o--- 7.0 6.9
Water temperature [°C)------- 7.2 7.1
Color {Pt-Co scale}---------= Lo 10
Secchi-dise {(ft)------------« 7.9
Dissolved oxygen (DO)-------- 12,0 11.8
Chlorophyll a in photic zone- 6.4 -

{pg/1)

Fecal coliform Range-- <l-1
(col. per 100 ml) Hean--- <1
Total organic carbon {ag C)}-- 1.5 -

*Too numerous to count,
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Deer Lake, Island County. July 30, 1973. Approx. scale 1:4800.
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Goss Lake near Langley (12128300)

Location.
Yat 45°02'04", long 122°28'48", in Nw4NW% sec.6, T.29 N., R.3 E., Island County, 3.1 miles
west of Langley:; unnamed tributary to Holmes Harbor. Langley quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 1l.4lsq mi Mean depth 32 ft Shoreline configuration 1.2
Altitude 130 £t Maximum depth 60 ft Development of volume 0,53
Surface area 47 acres Length of shoreline 6,300 ft Bottom slope 3.7 percent
Lake volume 1,500acre~-ft

Basin geology.
Glacial drift (Huntting and others, 196l1).

Soils.
Gravelly sandy loam and loamy sand with local peat deposits around perimeter of lake
{Ness and Richins, 1958).

Land use (percentage of drainage basin). Urban 0, suburban 4, agricultural 1, forest or
unproductive 90, and lake surface 5.

Nearshore residential development. 85 percent.

Number of nearshore homes. 36.

Surface-water inflow and ocutflow.
Early in the year three unnamed tributaries contributed minor inflow to the lake. From May
through September no inflow was observed, No outlet was observed.

Lake stage.
e stage varied 2.B feet between March 15 and September 19, 1973.

Macroghxtes.

Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 0.5 percent,

Lake bottom covered by submersed plants, <1 percent.

Rooted agquatic plants observed were sedge (Cyperaceae),* cattall {Typha sp.), smartweed
{Polygonum sp.), and waterweed (Elodea sp.).

Asterisk (*) indicates dominant agquatic plant.

Algae ohserved.
May 15 - Predominantly blue-green algae (Polycystis sp.}.

Summary and conclusions.
Goss Lake is a deep, sheltered lake that appears to have a low to moderate bioclogical
productivity. A high cell density of blue-green algae was observed during a visit to the
lake in May. The steep-sided littoral zone contained only a light growth of aquatic
macrophytes. DO remained high in the epilimnion, but was depleted to nearly zero in the
hypolimnion by mid-June. The number of nearshore homes has increased from 9 homes in
1956 to about 43 homes in 1973.
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Water-quality data for Gess Lake,
[Milligrams per litre unless otherwise indicated]
Date of collection (1973)--na- March 15 May 15 June 26 September 19
Water depth (ft)=---w--wenamnn 3 67 3 69 3 54 kY £6
Silica (8i0p)--—-——m-ar-———mmm 3.0 4.0 2.6 4.4 0.1 4.9 0.5 5.4
Dissolved iron (Fe), in ug/1-- 50 50 60 60 40 110 50 150
Dissolved manganese (Mn}--~---~ 20 20 10 20 1] 70 0 100
{in pg/1)
calcium (Ca) ---—--r-caooou- 5.1 -- -- -- -- - 4.7 -
Magnesium (Mg) ~--v-----oo—- 4.8 -- - -- - - 5,2 -
Sodium (Na) ------------——- 7.4 - -- - -- - 7.7 -
Potassium (K} ------vo-vo-—-u 1.4 - -- - - - 2.1 - "
Bicarbonate (HCO3) -----v---- 21 22 23 25 30 30 o 30
Carbonate (CO3)-------------- == - -= - - - - -
Sulfide (8)}------------cva--- - - - == - - - -
Sulfate (504} --------=-===n== 14 -- -- == -- - 14 -
Chloride (Cl)----------~"---- 9.6 - - - -- - 10 -
Nitrate nitrogen (as MN)------ .21 .30 .13 .3z .01 .30 .01 .30
Nitrite nitrogen (as N)------ .01 .00 .01 .00 0o .00 .00 .01
Ammonia nitrogen (as N)------ .09 .08 .09 .08 .06 .06 .05 .07
Organic nitrogen (as N)------ 231 .39 .43 .39 .07 .04 .33 .29
Total phosphorus {as P)------ .029 .019 .010 .013 .011 031 .019 .022
Orthophosphate (as B)-------- .003 . 0013 . 004 . 004 .002 007 002 . 009
suspended solids (110°C)----- 4 - - - == = 2 -
Hardness ad CaCoy {Ca,Mg)---- 32 - - - -- - 33 —
Specific conductance--------= 98 100 105 95 108 94 107 93
{micromhes at 25°C}
pR {pH unitg)----------rv---- 7.2 7.0 7.6 6.9 6.7 6.1 7.0 6.8
Water temperature (°C)------- 7.5 4.4 18.2 4.7 19.3 4.8 17.3 4.8
Color (Pt-Co scale)---------- 20 20 5 15 5 5 5 S
Secchi-disc (fe)------r------ 7.9 14 14 19
Dissolved oxygen (DO)------~~ 1z.2 9.4 10.2 4.5 9.4 1.7 5.5 5
Chlorophyll a in photic zone- 5.0 - 2.2 - 5.4 - 1.5 -
{ng/1)
Fecal coliform . Range-- <1l-<1 <l-<1 3-9 <1-13
{col. per 100 ml} Mean--- <1 <1 g N
Total corganic carbon [as C)-- 7.5 -- 9.0 - 8.5 - 7.0 --
TEMPERATURE, IN ODEGREES CELSIUS
EXPLANATION 0O | ? . 16 4] . IB : '..II? : 24 (] 1 . |]2 r 2]0 fza : 2B
Temperoture - o ‘ T 7] 7]
Dissplved onygen concentration 2 32: : : : :
. . z [ :
o e Soeen || H ;
- | ~ i E
Y eal ,: i i .
3 L 4 N [ ]
sol 1 1 L« & 1 | N T I J T T S
B 0 14 H [} [¢] 14 0 2 8 10 14 02 & 1 14

DISSOLVED —OXYGEN CONCENTRATION,

IN  MILLIGRAMS

PER LITRE
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—20—— ®
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Interval 10 feet
&
Water quality Public boat access

sampling site

Goss Lake, Island County. From Washington Department of Game, January 23, 1949.




LAKE DATA

Goss Lake, Island County. dJuly 30, 1973. Approx. scale 1:4800.
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Horseshoe Lake near Burley (12073505}

Location.
Southernmost shereline point, at lat 47°24'20", long 122°39'48", in SE4%SW% sec.l10, T.22 N.,
R.1 E., Kitsap County, 1.7 miles southwest of Burley; Burley Creek basin. Burley
quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 0.488q mi Mean depth 12 ft Shoreline confiqurationl.4
Altitude 270ft Maximum depth 20 ft Development of volume 0.60
Surface area 40acres Length of shoreline 6,800 ft Bottom slope 1.3 percent
Lake volume 470 acre-ft

Basin geoclogy.
Glacilal drift (Sceva, 1957}.

Soils.
Gravelly sandy loam, loamy sand, with local alluvial deposits (Wildermuth and others, 1939).

Land use (percentage of drainage basin). Urban 0, suburban 5, agricultural 4, forest or
unproductive 78, and lake surface 13.

Nearshore residential development. 75 percent.

Number of nearshore homes. 38,

Surface-water inflow and outflow.
No inflow to Horseshoe Lake was observed between March and September 1973. The outflow on
March 1, 1973 was estimated to be 0.6 fta/s; no outflow was observed during the summer
months.

Lake stage.
dKe stage varied 2,6 feet between March 1 and September 5, 1973.

Macrophytes.

Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 16 percent.

Lake bottom covered by submersed plants, <1 percent.

Rooted aquatic plants observed were white lily (Nymphaea sp.),* quillwort {Isoetes sp.),*
cattail (Typha sp.), sedge (Cyperaceae), watershield (Brasenia sp.), and pondweed

(Potamogeton sp.).

Asterisk (*) indicates dominant aquatic plants.

Algae observed.
No data.

Summary and conclusions.
Horseshoe Lake is low in dissolved-mineral concentration and in biological productivity.
The nutrient concentrations were among the lowest of the lakes studied, The DO concentration
remained high at all depths throughout the summer and only very weak thermal stratification
of the lake occurred, The lake bottom was sparsely covered by submersed macrophytes but
about 16 percent of the lake surface was covered by white lilies. Residential homes have
increased from about 58 homes in 1958 to about 121 homes in 1973.




Horseshoe Lake,

LAKE DATA

[Milligrams per litre unless otherwise indicated)
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Date aof collection (1973)-----

water depth (ft)e=---w=~--—----

Silica {5i0;)c===r--===r——v-m-
Dissolved iron {(Fe)}, in ug/l--
Dissolved manganese (Mn)=-----—
({in pg/1)
caleium (Ca) -—aerc-mmm—mmmooo

Magnesium [Mg)
Sodium (Na) ---

potassium (K}
Bicarbonate {HCO3) ---------=
Carbonate (003) ..............
Sulfide {(§)--~--—----=---~- ———
Sulfate (S0g)----------=-----
Chloride (€1)er--=-vom-mo-m==
Kitrate nitrogen
Nitrite nitrogen
Ammonia nitrogen
Organic nitrogen
Total phosphorus
Orthophosphate {(as P)--------
Suspended solids {(k10°C)-----
fardness as CaCO3 (Ca,Mg)----

Specific conductance-------=~-
{micromhos at 25°C)

pH (pH units}--------==r-----
Water temperature (°C}-------
Color (Pt-Co scale}---------=
Secchi-disc (ft)------------=
Dissolved oxygen {DO)--------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
(col. per 100 ml}

Range--
Mean---

Total organie carbon (as C)--

-

EXPLANATION

Temparoture

Dissolved oxygen concenirolion

Thaaretical
oxygen

dissalved
solurdtion

IN FEET

LAKE DEPTH,

March 1
3 16
0.4 0.3
20 40
0 10
1.8 -—
.3 —_—
2,0 -
.2 -
5
0 0
2.5 -
3.5 -
.01 .00
.00 .00
06 .06
.20 .22
. 002 009
, 000 . 000
2 -
) -
19 19
7.1 6.8
7.0 6,1
10 10
11
12,2 12.4
4.0 -
5.5 -
T
1
= 1 4
al- Y
» 1
1
BF | 4
- - -
N
12+ i
- L.
4
16 w4
"
- .
"
20} P
22 L

3 &
0.0 Q.2
20 9
Q [
7 8
[} 0
0l .01
.00 00
o4 03
22 .29
.007 .007
004 .004
20 20
7.8 7.6
14.0 13.8
20 20
12
10,1 10.0
1.9 -
<l-2
1
6.0 -
TEMPERATURE,
13 5

DISSOLVED —OXYGEN CONCENTRATION,

IN

— June 20
0.1 c.1
30 30
0 0
13 11
0 0
.00 .01
.00 .00
.04 06
.08 11
.007 L 005
.00l .002
20 20
6.5 6.5
19.2 17,4
5
16
T 8.4
2-18
[
9.0 -
DEGREES CELSIUS
1I7__18 20
T ]

C

IN MILLIGRAMS PER LITRE

_Septeqber 5
0.3 0.4
80 100
0 0
1.8 -
.5 -
2.4 -
3 --
7 it
0 0
2,7 -
2,6 -
.01 .01
.00 .00
.06 .07
.41 .44
016 .007
. 006 .001
5 -
7 -
22 22
6.7 6.8
18.4 17.4
s 5
6.6
9.0 8.0
.2 --
<1 -4
6.0 -
21
1 1 1 ]
g ]
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Horseshoe Lake, Kitsap County. From Washington
Department of Game, June 21, 1949,



LAKE DATA

Horseshoe Lake, Kitsap County. July 30, 1973.

Approx. scale 1:4800.
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Howard Lake near Sylvana (12158070}

Location.

Lat 48°09'30", long 122°19'42", in NE%SWY% sec.20, T.31 N., R.4 E., Snchomish County,
4.7 miles southwest of Sylvana; unnamed tributary to Puget Sound.
Stanwood quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area  0.46 sgq mi Mean depth 29 ft  shoreline configuration 1.2
Altitude 238 ft Maximum depth 50 ft Development of volume 0.56
Surface area 28 acres Length of shoreline 4,600ft Bottom slope 4.0 percent
Lake volume 790 acre-ft

Basin geology.
Glacial drift deposited principally as ground moraine (Newcomb, 1952).

Soils.
Gravelly sandy loam (Anderson and others, 1947).

Land use (percentage of drainage basin). Urban 0, suburban 4, agricultural 4, forest or
unproductive B3, and lake surface 9.

Nearshore residential development. 65 percent.

Number ¢of nearshore homes. 22,

Surface-water inflow and outflow.
No inflow to Howard Lake was observed from March through September 1973, Outflow was
observed only early in the year and was estimated to be 0.2 ft3/s cn both Mar. 8 and May 29,
1973. The outlet was dry on July 18 and September 24.

Lake stage.
Lake stage varied 1.0 foot between March 8 and September 24, 1973.

Macrophytes.

Shoreline covered by emersed plants, 11-25 percent.

Lake surface covered by emersed plants, 0.3 percent.

Lake bottom covered by submersed plants, <l percent.

Rooted aquatic plants observed were cattail (Typha sp.), white 1lily {Nymphaea sp.),
yellow lily (Nuphar sp.), and sedge (Cyperaceae).

Algae observed.
May 29 - Predominantly diatoms (Dinobryon sp.,* Fragillaria sp.) and some blue-green algae
(Anabaena sp.).

Asterisk (*) indicates dominant aquatic plant.

Summary and conclusions.
Howard Lake is relatively deep and has a conical-shaped bottom. The biological
productivity appears to be moderate. The organic nitrogen concentration (0.50 mg/l) was
among the highest of the lakes studied, A high cell density of diatoms and blue-green
algae was observed in the spring. Strong thermal stratification developed by late spring
and by mid-July the DO was entirely depleted below a depth of 20 feet. Aquatic macrophyte
growth was light.




Water-quality data for Howard Lake.

LAKE DATA

[Milligrams per litre

unless otherwise indicated]
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Date of collection (1973} March 8 May 29 July 18 September 24
Water depth [(ft)-—-——-—~w=r-—-- 3 49 3 48 3 44 3 44
Silica (5i0g)--=--=-e-eo-smoooee 0.0 0.7 0.5 2.1 0.2 2.5 0.7 2.9
Dissolved iron (Fe), in mg/l-- 210 200 70 400 80 670 70 610
Disgelved manganese (Mn}-—-=-— 30 40 0 130 10 140 10 150
(in pg/1}
Calcium {Ca) ----------cuoan-o 5.8 -- -- -- - — 5.8 -
Magnesium {Mg) --------co-u-- 3.9 - - - - - 4.1 -
sedium (Na) =-------------oo- 4.0 -- -- - - - 4.9 -
Potassium (K} ~---------cmn-- 1.0 - - - - — 1.3 -
Bicarbonate (HCO3) —-----vea- 34 s 33 34 40 42 s a3
Carbonate [003) -------------- - -- - -- -- - - -
Sulfide (S)--=-=------------- - -= -= o -- 0 -- 2.0
Sulfate {504} 5.0 - -- -- -- - 5.3 --
Chleride (C1) 5.3 -- -- -- - - 6.0 -
Nitrate nitrogen {as K)------ .18 .23 .30 .26 .01 ,08 .02 .02
Hitrite nitrogen {as N}----—- .01 -01 -0l .00 .00 01 .00 .00
Ammonis nitrogen (as N}-----= - 24 .37 .04 .31 .06 .58 .06 .95
Organic nitrogen (as N)------ 50 .33 -43 31 1.8 1.2 .51 15
Total phosphorus {(as P)------ .028 .035 L023 11 L0860 19 .014 .15
Orthophosphate (as P)--==---- .002 006 ,001 059" .005 .13 . 006 .15
Suspended solids (110°C)---~-~ 4 - -- -- - -- 1 --
Hardness as CaC0y (Ca, Mg)---- 31 - - -= - - 31 -
specific conductance--------- ao 84 B3 78 8s 80 a3 83
{micromhos at 25 °C)
pH (PH unjits)------So-om-eean 7.3 5.6 7.0 6.5 -- - 7.6 8.1
Water temperature (%C)------- 7.2 4.4 17.9 5.0 21.3 5.0 16.8 5.0
Color [Pt-Co scal@)e-----=-=-= 20 30 10 20 10 20 a 15
Secchi-disc {(ft)-wesmrroo-on- 10 8.3 7.5 8,9
pissolved oxygen (DO)----=---= 12.7 7.6 9.9 1.0 10.4 .4 9.9 2
Chlorophyll a in photic zone- 8.1 -- 1.9 -- 1.8 - 2,0 -
(ng/1)
Fecal coliform Range- - <l-1 <1-1 <1-6 13-27
{col. per 100 ml) Mean--- <1 <1 4 15
Total organic carbon (as C)-- 2.0 - 11 - 8.0 -- 8.5 -
TEMPERATURE, IN DEGREES CELSIUS
EXPLANATION 4 & 10 4 18 46 I 14 1B 22
T 777 il T [T 11§ II(I T T 1]
Temperature [ - L -

Dissolved ouygen concentration

dissoived
saturction

Theoretical
oxygen

IN FEET

LAKE DEPTH,

1

02

!
1] L+] 14
DISSOLVED —OXYGEN CONCENTRATIGN, N MILLIGRAMS

1

| S

o2

6

10 18 18
PER LITRE
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Howard Lake, Snohomish County. From Washington
Department of Game, July 30, 1947.




LAKE DATA

Howard Lake, Snohomish County. July 14, 1973. Approx. scale 1:4800.
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Isabella Lake near Shelton (12077490)

Location.
Lat 47°10'36", long 123°06'17", in NW4%SEY% sec.3l, T.20 N., R.3 W., Mason County,
2.3 miles south of Shelton; Mill Creek basin. Shelton quadrangle, 1:62,500.

Physical characteristics of lake.

Drainage area 17.5 sg mi Mean depth 16 ft Shoreline configuration 1.2
Altitude 150 £t Maximum depth 23 ft Development of volume 0.70
Surface area 200 acres Length of shoreline 13,000 ft Bottom slope 0.70 percent
Lake volume 3,200 acre-£t

Basin geology.
Volcanic rock and glacial drift in low hills southwest of lake and alluvium in valley
{(Molenaar and Noble, 1970).

Soils.
Mostly gravelly sandy loam and peat with a large variety of other soils including lcam, silt
loam, and sandy lcam (Ness and Fowler, 1960).

Land use (percentage of drainage basin). uUrban 0, suburban 1, agricultural 5, forest or
unproductive 92, and lake surface 2.

Nearshore residential development. 28 percent,

Number of nearshore homes. 38,

Surface-water inflow and outflow.
Mill (Gosnell) Creek provided the main inflow and outflow of Isabella Lake. an inflow
measurement on Feh. 27 was 50.7 ft’/s; Apr. 26, 260.0 ft’/s; June 21, 17.2 ft’/s; and
Sept. 65 10.0 ft’/s. Mill Creek, the outlet, for the same dates, had measured discharges of
68,9 £ft° /s, 37.4 fts/s, 23,1 ft3/s, and 10.3 fta/ﬁ respectively.

Lake stage.
Lake stage varied 1.0 foot between February 27 and September 6, 1973.

Macroghxtes.
Shoreline covered by emersed plants, 76 to 100 percent.

Lake surface covered by emersed plants, 4 percent.

Lake bottom covered by submersed plants, 27 percent.

Rooted aquatic plants observed were cattail {(Typha sp.), white lily (Nymphaea sp.),
yellow lily (Nuphar sp.), sedge (Cyperaceae), waterweed (Elodea sp.), and pondweed
(Potamogeton sp.).

Algae cbserved.
June 21 - Predominantly blue-green algae (Nostoc sp.) and some diatoms (Dinobryon sp.}.

Summary and conclusions.
Tsabella Lake probably has a moderate to high biological productivity. A blcoom of blue-green
algae and diatoms was observed during visits to the lake in June and September. A relatively
large drainage area as compared to the lake volume increases the natural eutrophication
factor of the lake, but, conversely, a large natural year-round outflow from the lake helps
maintain circulation within the lake. The DO levels remained high at all depths throughout
the summer. The littoral zone consists of large areas of muck that sqpported a heavy growth
of submersed plants. Plant growth {both emersed and submersed) was especially heavy at the
northeast (outlet) and southwest (inlet) ends of the lake. These ends of the lake also
contain large wetland areas.




Water—qualit}; data for Isabella Lake.
{Milligrams per litre unless cotherwise indicated)
Date of collection (1973) e Pebruary 27 April 26 June 21 September 6
Water depth (ft}====v-—==--——- 3 20 3 18 3 16 3 16
Silica (SiOz) ————————————————— 13 13 11 11 14 15 18 17
Dissolved iron (Fe), in ug/l-- 150 150 160 150 110 130 110 -
Dissolved manganeae (Mn)=====-= 10 10 10 0 0 20 20 -
(in pg/1)
Calecium {Ca) ---sver-—-nee--- 8.2 -- -- - - - 9, -
Magnesium (Mg) -=e----on--u-- 2, - - . - - 1.9 -
Spdivm (Wa} ------o-ommoe-- 2.8 -- - - - - 3.8 --
Potassium {K) -----~+vs—ve---= . - - e _ -— -
Bicarbonate (HUO3) ---------- 34 37 a9 39 49 49 51 55
Carbonate (COg}-------------- 0 o 0 0 0 0
Sulfide {S)-------c+--------- - - -= - - - - -
Sulfate [S0g4)-----------===-- 3.0 - -- - - -- 2.0 --
Chloride {[Cl)-~-=-=------=-=- 4.2 - - - - - 3.7 --
Nitrate nitrogen {as N)------ .21 .21 06 .0l Ol .01 oL .01
Witrite nitrogen {as W)------ .00 .00 00 (] .00 .00 .e0 .00
Ammgonia nitrogen {as N})------ .a7 .06 .07 .07 o8 .09 10 .10
Organic nitrogen (as N)~----- .32 .20 .12 .19 o7 .03 .41 .46
Total phosphorus (as B)------ .007 .01 .009 .009 .0L0 024 .0l9 .013
Orthophosphate {ag P)-----wv=~ . 000 000 , 002 .00l .001 047 , 003 .004
Suspended splids {110°C) 2 - -= - - -- 0 --
Hardness as CaCO3 (Ca,Mg)---- 3 - == == - et 40 .o
specific conductange--------- 62 61 m 71 8 8 8d 88
{micromhos at 25°C)
pH {pH units)--------------v- 7.6 7.7 6.0 6.3 7.9 7.5 1.9 8.0
VWater temperature {°C}------- 6.8 5.8 12.6 12.3 20,0 15.3 17.2 17.1
Color (Pt-Co scale) 15 15 10 10 10 10 5 5
Secchi-disc (ft)------------- 8.9 6.6 10 5.9
bissolved oxygen (DO)-------- 13.0 13.2 10.8 10,7 10,5 8.5 10.3 10.2
Chlorophyll 2 in photic zone- 7.4 -- 2.5 - 3.5 - 9,1 -
(29/1)
Fecal coliform Range-- <l-25 <l-3 <l-2 <1-1
{col. per 100 ml)} Mean--- 11 1 <1 <1l
Total organiec carbon (as C)-- 2.5 - 3.0 - 5.0 - 5.5 -
TEMPERATURE, IN DEGREES CELSIUS
EXPLANATION -
o 516 18 20 22 !
-
Temoeralure w f
w 4F
2 5
Dissolved oxygen conceniration - :
e H
& e
Theoretical dissolved w H
oxygen  soluration 18}
- :
% 20l
= 22 A1 ) 1 11 1t 1
1 L] 6 a 10 12 7

DISSOLVED — OXYGEN CONCENTRATION,

IN  MILLIGRAMS

PER

LITRE
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Isabella Lake, Mason County. From Washington
Department of Game, June 25, 1852,
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Isabella Lake, Mason County. May 19, 1972. Approx. scale 1:12,000.
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Killarney Lake (North Arm) near Algona {(12102760)

Location,
Lat 47°17'16", long 122°17'19", in Swhsw4 sec.22, T.21 N., R.4 E., King County, 2.0 miles
northwest of Algona; Hylebos Creek basin. Poverty Bay quadrangle, 1:24,000.

Physical characteristics of lake.

‘Drainage area 0.12 sgq mi Mean depth 5.7 ft  Shoreline configuration 1.5
Altitude 368 ft Maximum depth 13 ft Development of volume o, 44
Surface area 11 acres Length of shoreline 3,600 ft Bottom slope 1.7 percent
Lake volume 60 acre-ft

Basin geology.
Glacial drift with local peat and muck deposits {Luzier, 1969).

Soils.
Gravelly sandy loam with muck deposits on north side of lake (Poulson and others, 1952).

Land use (percentage of drainage basin). Urban 0, suburban 11, agricultural 0, forest or
unproductive 75, and lake surface 14.

Rearshore residential development., 56 percent.

Number of nearshore homes. 6.

Surface~water inflow and outflow.
Killarney Lake [north arm) had no observed inflow. A narrow channel connects the north
and south arms of Lake Killarney.

Lake stage.
Lake stage varied 1.8 feet between March 9 and August 29, 1973.

Macrophytes.

Shoreline covered by emersed plants, 76 to 100 percent.

Lake surface covered by emersed plants, 23 percent.

Lake bottom covered by submersed plants, 72 percent.

Rooted aquatic plants observed were yellow lily (Nuphar sp.),* white lily (Nymphaea sp.},
sedge (Cyperaceae), and coontail (Ceratoghxllum sp.).

Asterisk (*) indicates dominant aquatic plant.

Algae observed.
No data.

Summary and conclusions,
Killarney Lake (north arm) is connected by a narrow, shallow channel to the larger south
arm. The littoral zone which is composed entirely of muck supported a heavy growth of
submersed and emersed aguatic macrophytes, About 23 percent of the lake surface was covered
with yellow and white lilies. DO in the hypolimnion was depleted to nearly zero during the
summer., Resident waterfowl inhabit the lake.




Water—quality data for Killarney Lake {North Arm),

LAKE DATA

{Milligrams per litre unlesa otherwise indicated]

6

3

Date of collection {1973)-----

Water depth (ft)--——-w==————-—-

Silica (Si0j)----m-m===-—mommms
pissolved iron (Fe), in ug/l--

Dissolved manganese (Mn)----==
{in pg/l)
calcium (Ca) ---------c------
Magnesiuvm {Mg) ----------=--=
Sopdium {Na) ---===-—=----=—--
potassium (K) -----=-----c----
Bicarbonate {HCO3) ----------
Carbonate (co3) ..............
Sulfide (8)-------==-----s=--
Sulfate (S04)-------=-------=
Chloride (CL)-=------=------=
Nitrate nitrogen
Hitrite nitrogen
Ammonia
Organic nitrogen
Total phosphorus
Orthophosphai:e {ag P}-------~
Suspended solids (110%C)-----
Hardness as CaC03y {Ca,Mg}----

Specific conductance------===
(micromhos at 25°C)

pH {pH units)----------=-----
Water temperature (°C)-------
Color (Pt-Co scale)----------
Secchi-dise (ft)--=------==-=-
Dissolved oxygen {(DQ)--------

Chlorophyll a in photic zone-
(»g/1}

Fecal coliform
{col. per 100 ml)

Range--
Mean---

Total organic carbon (as C}--

9.9

.33 .3

8.5

?

*One sample.

EXPLANATION

Temperature

Dissolved gzygen coacenfration

Thaareticol
anygQen

dissolved
saturetion

IN FEET

LAKE OEPTH,

May 11

July S

3 7 3 7
0.3 0.2 0.2 0.3
170 30 220 1o
10 0 20 20
11 10 16 16
0 o 0 0
.02 .02 .01 .01
.00 .00 .00 .00
.17 .20 .15 .14
.33 .29 .02 .04
.022 .032 .029 .036
.005 .005 .003 .007
58 58 55 56
6.6 7.1 6.3 6.2
14,0 13,3 19.8 17.0
5 30 30 30
6.6 5.9
9.1 8,4 8.2 6.8
. -- 2.1 -
*8 *31
8.0 - 9.0 -
TEMPERATURE, IN DEGREES CELSIUS
2

DISSOLVED — OXYGEN

CONCENTRATION, IN

e 17 =] 21
B S

MILLIGRAMS

__Buguat 29
0.2 0.1
180 310
40 10
4,1 --
1.4 -
4.2 -
6.4 -—
11 14
] 0
6.4 -
9,2 -—
.01 .01
.01 .01
.18 .19
.50 .23
.013 013
.006 . 004
7 -—
16 -
59 59
6,7 6.5
16,9 16.4
25 25
7.9
7.9 5.4
3.9 -
42
8.0 --
5718
T 1
- ) 4
» P
A
I
1 [ ]
6 [+]
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Killarney Lake (North Arm), King Gounty,

From Washington Department of Game, February 1, 1949,
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Killarney Lake (North Arm), King County. May 17, 1973. Approx. scale 1:4800,
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Killarney Lake (South Arm) near Algona (12102760)

Location,
Lat 47°17'01", long 122°17'36", in NEYNEY% sec.28, T.21 N., R.4 E., King County, 2.0 miles
northwest of Algoma: Hylebos Creek basin. Poverty Bay quadrangle, 1:24,000

Physical characteristics of lake.

Drainage area 0.24d sq mi Mean depth 9.3 ft Shoreline configuration 1.g
Altitude . 368 ft Maximum depth 15 ft Development of volume 0.62
Surface area 24 acres Length of shoreline 6,600 ft Bottom slope 1,3 percent
Lake volume 230 acre-ft

Basin geology.
Glacial drift (Luzier, 1969).

Soils,
Gravelly sandy loam (Poulson and others, 1952).

Land use (percentage of drainage basin). Urban 0, suburban 23, agricultural 19{ forest or
'“EEﬁfEHGEéive 42, and Iake surface 16.

Nearshore residential development. 100 percent.
Number of nearshore homes. 27.

Surface-water inflow and outflow.
Killarney Lake (south arm) had no observed inflow or outflow from March through August 1973,

Lake stage.
Lake stage varied 1.8 feet bhetween March 9 and August 29, 1973.

Macrophytes.

Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 7 percent.

Lake bottom covered by submersed plants, 38 percent.

Rooted aquatic plants observed were white lily (Nymphaea sp.),* pondweed (Potamogeton sp.),*
cattail (Typha sp.), yellow lily (Nuphar sp.), coontail (Ceratophyllum sp.), waterweed
{Chara sp.}, stonewort (Nitella sp.), and wildcelery (vVallisneria sp.}.

Asterisk (*) indicates dominant aquatic plants.

Algae observed.
No data.

Summary and conclusions.
Killarney Lake (south arm) has about twice the surface area of the smaller north arm.
The biological productivity appears to be moderate. The lake is rather shallow and thermal
stratification was slight, thus the DO at all depths remained high during the summer. The
littoral zone, composed primarily of cobbles, gravel, and san, supported a moderate growth
of aguatic macrophytes, mainly white lilies and pondweed. Coliform-bacteria counts ranged
from less than 1 to 57 colonies per 100 ml from nearshore sampling sites around the lake.
Total lakeside residential development and the relatively small lake volume indicate a high
potential for cultural eutrophication.




Water-quality data for Killarney Lake (South Arm).
[Milligrams per litre unless otherwise indicated]

pate of collection {1973) March 9 May 11 July 5 Rugust 29
Water depth (ft)----———-———amu= 3 B8 3 7 3 7 3 7
Silica (5iQj)----—-———====——-- 0.7 0.7 0,2 0.1 0.2 Q.2 0.1 0.1
Dissolved iron (Pe}, in ng/l-- 70 80 90 160 190 280 380
Dissolved manganeae [(Mn)-—----- 20 20 20 30 40 50 g

{in ng/1}
calcium (Ca) ----------ce---u .5 - - - -— - 4.0 -
Magnesium {Mg) -------------- . - - - - - 1.4 -
Sodium (Ha)} ---eewer--mm-oomn 3.9 - - - - - 4,2 -
Potassium (K} ----~---cco--v~ - -— - - -- .6 -
Bicarbonate (HCO;) —————————— 14 10 9 11 16 16 15 16
Carbonate (C€04)-------------- 0 ¢ g 0 0 0 o ¢
Sulfide {§)------=mm--m=-nmnn -- - - - - -- - --
Sulfate [50g)-----—-w=n-=-=-- 7.1 -- - -- - -- 6.7 --
Chloride {€l}---==---===r---- 7.0 - -- -- - - 8.1 --
Nitrate nitrogen (as N}------ .16 .16 .02 .02 .01 o1 .01 01
Nitrite nitrogen (as N)----—= .00 ,00 .00 .00 .00 .00 .00 .01
Ammonia nitrogen {as N)----=- .12 .12 .10 11 01 .09 15 .20
Organic nitrogen (as N}------ .41 .32 .38 .29 .14 .04 .29 .35
Total phosphorus (as P)------ .016 .016 025 .030 .022 .018 .01s .015
orthophosphate (ag P)e------- 001 . 000 .006 .004 .005 .005 ,008 .008
Suspended solids (110°C)----- 5 == - - - - 0 ==
Hardness as CaC0y (Ca,Mg)---- 16 -- -- -- -- -- 16 -
Specific conductance--------- . 57 56 56 56 53 54 56 58

{micromhos at 25 °C)
pR (pH unitg)-+-==----------- 6.8 6.5 6.6 6.6 6.4 6.3 7.2 6.9
Water temperature (°C)------- 8.2 8.1 14.0 14.0 19.9 19,3 17.4 17,2
Color (Pt-Co scale)---------- 10 10 20 25 15 15 20 25
Secchi-disc [ft)}--------===-- 6.6 8.9 B.S5 1.9
pissolved oxygen (DO)-------- 11,2 11.0 9.7 9.4 8.1 7.6 8,2 a.1
Chlorophyll a in photic zone- 4.5 - 1.0 - 1.4 - . -

(»a/1)

Fecal coliform Range-- <1-5 4-16 21-32 39-57
{(col. per 100 ml) Mean--- 3 10 27 48
Total organic carbon (as C}-- 6.5 -- 7.5 - 7.0 - 6.5 --

1 TEMPERATURE, ‘N DEGREES CELSWS
-
EXPLARATION b 8 7 o W13 s 17 e 21 718 20
WO . T LS
Tempeargture e - — - B - -1 ;o
F HE [ ) M
4 | B Fo ] - -1 H o :'-l
I R E - . f
Dissclved okygen concentralion & gt ;' i | I:‘ 4 | B i _
LA
CHN WA - Lo . - . L .
Theorstical  distolved Wopl L1 111 [ | L1
oxygan  sotyrgtion < 10 12 14 :] 10 12 8 :] 10 T8 10

DISSOLVED —OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITRE
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Connecting channel

Unnamed outlet 0 500 1000
channel . | 1 ] | J
EXPLANATION
10

Line of egqual
water depth
Interval 5 feet

|
Water quality
sampling site

Coliform bacteria
sampling site

Killarney Lake (South Arm), King County,
From Yashington Department of Game, February 1, 1949,

fo

'/ north arm of Killarney Loke

FEET




LAKE DATA

Killarney Lake (South Arm), King County. May 17, 1973, Approx. scale 1:4800,
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Langlois Lake near Carnation (12148790)

Location.
Southernmost shoreline point, at lat 47°38°08", long 121°53'03", in NE%SE% sec.22, T.25 N.,
R.7 E., King County, 1.6 miles southeast of Carnation; Snohomish River basin.
Carnation quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 0.37 sq mi Mean depth 53 ft Shoreline configuration 1.3
Altitude 122 ft Maximum depth 98 ft Development of volume (.54
Surface area 39 acres Length of shoreline 5,800ft Bottom slope 6.7 percent
Lake volume 2,000 acre-ft

Basin geology.
Glacial drift (Liesch and others, 1963).

Soils.
Shallow, stony soils and gravelly fine sandy loam (Poulson and others, 1952).

Land use (percentage of drainage basin}. Urban 0, suburban 1, agricultural 0, forest or
unproductive 83, and lake surface 16.

Nearshore residential development. 11 percent.

Number of nearshore homes. 2.

Surface~water inflow and outflow.
glols Lake is fed by a small spring on the east side of the lake. The estimates of
inflow on Mar. 7, May 9, and June 28, 1973 were 0.2 ft /s on each date. No outflow was
cbserved between March and September 1973,

Lake stage.
Lake stage varied 1.0 foot between March 7 and September 26, 1973,

Macrophytes.
Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 0.9 percent.
Lake bottom covered by submersed plants, <1 percent.
Rooted aquatic plants observed were cattail (Typha sp.), watershield (Brasenia BP.).

Algae observed.
No data.

Summary and conclusions.

Langlois Lake is a relatively small but deep, well-sheltered lake that becomes only partially

mixed during the winter. A density barrier, caused by an increase of dissolved minerals at
about 70 feet below the water surface, prevents the deeper water from mixing with the upper
waters. Below 70 feet the water had a stable temperature and was devoid of oxygen. The
nutrient concentration was extremely high, especially ammonia (140 mg/l1). The ammonia is
formed from the decomposition of organic material trapped in the deep waters. The upper
water, however, contained few nutrients and was low in biological productivity.



Water-quality data for Langlols Lake,

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date of collection (1973)emaa-

Water depth (ft)---——-cwcoeeaa-

Silica (5i0p) —=—rr==mammaamaas
Dissolved iron (Fe), in png/l--

Dissolved manganese (Mp)-—-=-=-=-
{in pg/1)

Calcium (Ca} -——-——-——oo o
Magnesium (Mg} ~-----—-a--—--
Sodium {Na) —--commmmmmmcam
Potassium {K} --~--rmacacmn-—=
Bicarbonate (HCO3) ----------
Carbonate {003) ..............
Sulfide (S)-=rsmmmmm-—-——oum
Sulfate (SO4)------+c=-======
Chloride {ClL)-------—-—----"--
Nitrate nitrogen {as N)------
Nitrite nitrogen (as M)------
Ammonia nitrogen {as N)------
©Organic nitrogen (as N)------
Total phosphorus (as P)----u-
Orthophosphate (as PY--------
Suspended solids (110°C)-----
Hardness as CaCl3 (Ca,Mg)----

Specific conductance-=-=---=n=
{micromheos at 25°C)

pE (pPH unitg)------coococaa---
Water temperature (°C}-------
Color {Pt-Co scale}----------
Secchi-disc (ft)----------—--
Dissolved oxygen (DO)--—------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
(col. per 100 ml)

Total oréanic carbon {as C)--

Range--
Mean---

EXPLANATION

-

Temperoture Il

w

=

Divsolvad oxygen concantration

x

-

o

Theoreticol  dissalvad H
oxygen  soluratian

w

b4

March 7
3 89
2.6 35
9 3,100
20 1,300
.7 -
.4 -
2.6 -
30 536
- 3.0
2,5 —
1.9 -
.13 .0L
.00 .01
.07 140
.31 60
016 7.4
. 000 .86
2 -
20 —
50 400
7.5 6,2
8.1 6.0
10 45
15
11.8 .6
3.3 -
<l-<1
<1l
4,0 -
16
T
+h
14

May 9

3 89
2.4 29
9 2,200
0 950
30 3164
- 3.0
.14 .09
.00 oL
.02 63
.26 3
.043 5.7
.002 3.8
43 1,110
7.0 6.0
13.4 5.7
15 45
18
10.6 .6
.9 -
1-9
4
4,0 _—

June 28
3 a9
1.8 40
9 200
1] 1,600
33 €43
-- 1.5
.01 W12
.00 .00
.08 140
.07 o
011 13,0
.001 .50
50 890
6.8 5.9
20.4 5.8
5 45
14
2.3 .9
1.7 -
2-3
3
5.0 -—

TEMPERATURE, N DEGREES CELSIUS

2 4 8 12 _is

T =11

S U I |
a2 § 10 14
DISSOLVED —OXYGEN CONCENTRATION,

46 0 4 I8

T 1 rgr 17
4

L1 1 1t F 111

02 [ 10 14
IN MILLIGRAMS PER LITRE

1]

September 26

3 89
1.5 38
30 34,000
0 1,300
6.0 -
.4 -
2.8 -
.5 -
28 594
-- 3.0
2.5 -
1.8 -
.01 .17
.00 .02
.05 126
, 23 26
.004 11,0
.003 .36
4 —
17 -
49 1,080
7.6 6.4
17.0 5.8
) 55
23
.2
.2 -
<l-2
1
3.0 -
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Unnomed outlet
channel

!

Unnomed
«»»=—— spring—fed
fributary

0O 500 1000 FEET
| | | ] |
EXPLANATION
25——

Line of equal
water depth
Interval 15 feet

Water quality
sampling site

Coliform bacteria-
sampling site

&
Public boat access

Langlois Lake, King County. From Washington Department of Game, August 28, 1947.



LAKE DATA

Langlois Lake, King County. May 17, 1973. Approx. scale 1:4800.
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Loma Lake near Tulalip (12157900)

Location.
Lat 48°08'03", long 122°15'15", in NWYNEY% sec. 35, T.31 N., R.4 E., Snohomish County,

5.0 miles northeast of Tulalip; Tulalip Creek basin. Arlington West and Stanwood
quadrangles, 1:24,000.

Physical characteristics of lake.

Drainage area 0.15 sg mi . Mean depth 11 ft Shoreline configuration 1.4
Altitude 565 ft Maximum depth 28 ft Development of volume 0,39
Surface area 71 acres . . Length of shoreline 4,900 ft Bottom slope 2.3 percent
Lake volume 230 acre-ft

Basin geology. .
Glacial drift deposited princ1pally as ground moraine (Newcomb, 1952).

Soils.
Gravelly sandy loam with peat deposits on north side of the lake (Anderson and others, 1947).

Land use {percentage of drainage basin). urban 0, suburban 17, agricultural 0, forest or
unproductive 61, and lake surface 22.

Nearshore residential development. 96 percent.

Number of nearshore homes. 53,

Surface-water inflow and outflow.
Loma Lake had no observed inflow between March and September 1973. A small outflow was
estimated to be 0.4 ft /s and less than 0.1 ft /s on March 8 and May 30, respectively.
The outlet was dry on June 27 and September 25, 1973.

Lake stage.
Lake stage varied 1.7 feet between March 8 and September 25, 1973,

Macrophytes.
Shoreline covered by emersed plants, 76 to 100 percent.

tLake surface covered by emersed plants, 7 percent.

Lake bottom covered by submersed plants, 30 percent.

Rooted aquatic plants observed were yellow lily (Nuphar sp.),* coontail (Ceratophyllum sp.},*
cattail (Typha sp.), and sedge (Cyperaceae).

Agterisk (*) indicates dominant aguatic plants.

Algae observed.
May 30 - A mixed population of flagellates (Ceratium sp.) and blue-green algae (Anabaena sp.) .

Summary and conclusions.
Loma Lake is a highly colored (tea-colored) lake. A high concentration of organic material
in the lake water, presumably derived from nearby peat deposits is responsible for the
color of the water. Relatively high nutrient and chlorophyll a concentrations, a heavy growth
of aquatic macrophytes,and the depletion of DO in the hypolimnion indicate a high level of
biological productivity. The number of residential homes increased from about 17 in 1956
to about 53 in 1973. A large percentage of residential lakeshore development and the small
lake volume suggest a high potential for cultural eutrophication.




Water-quality data for Loma lake,

LAKE DATA
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Date of collection {1973)}————--

Water depth (ft)----—-—-cveeeee

Silica (8104) -remmmcamm oo mann
Digsolved iron (Fe}, in ug/l--

Disgolved manganese (Mn)------
{in pg/1}

Calcium (€Ca) --—----moer e a e
Magnesium (Mg} ------u_ ____--
Sodium {(Na} =-c-mmeeccmoaan-—
Potagsium (K} -----—-—----—-=-
Bicarbonate (HOQ3) ----------
Cari:onate (003) ______________
Sulfide (§)-+=wuommewomomnnn-
Sulfate (S04)----------------
Chloride (Cl)------—--—-————-

Ammonia nitrogen (as N)------
Organic nitrogen (as N}------
Total phesphorus {(as P}------
Orthophosphate {as P}--------
Suspended solids (110°C)-----
Hardness as CaC03 (Ca,Mg)}----

Specific conductance---------
{micromhos at 25°C)

PH (pH units)----~-----no-o--

Water temperature (°C)-------

Colof (Pt-Co scale)--v=-r--—-

Secchi-dise (ft)---cec-uanan=

Dissolved oxygen {DO)--------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
(col. per 100 ml)

Range--
Mean-»-=
Total organic carben (as C}--

EXPLANATION

Temperatury

Dissolved ouygen concentrotion

Theoretical dissolved
oxygen  saturgtion

March 8
3 23
0.4 0.9
140 170
20 20
3.2 -
1, --
2.5 -
.5 --
9 [
5.6 —
4.1 -
.52 .53
.00 .01
.18 .19
.33 .39
029 .34
.010 . 004
3 —_
12 -
38 39
7.2 6.6
7.2 6.0
100 100
3.9
11,7 10,2
7.6 -
2-4
3
12 n—
4
02 ? ]
2+
- |
o
]
£ o :__
5 P
= M
I
ST S
w | )
x 1
‘_‘, 22-—'}
-/
261
8 10

[Milligrams per litre unless otherwise indicated]

May 30 June 27
3 2 3 _23
0,1 1.5 0.3’ 1.8

130 400 110 580
10 1co 10 100
6 7 7 15
.27 30 sl .13
,00 .01 .0l .01
.10 .27 .21 .44
.45 ] .09 .04
.019 024 030 032
.000 009 ,004 .0o8
3e 36 34 37
7,1 6,8 6.6 5.7
16.0 7.8 19.0 8.0
150 150 150 150
3.6 3.6
9.4 2.4 9,1 .9
2.2 — .5 -
- 26-36
- 30
15 - i5 -
TEMPERATURE, IN DOEGREES CELSHIUS
& 10 14 18 6 8 i4 B 20

B
i) T
- E -t
3 1
L 3 !
f |
- E H
E ]
- - -3
3 K {
fl L1 1
[¢] 4 B 12 Q2 6 10 4
DISSOLVED — OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITRE

September 25

3 18
0.5 2,1
160 1,100
50 160
2.9 -
1.1 -
2,2 -
g 16
- 1.5
5.3 -=
4.7 --
01 .01
01 .01
.18 .62
.47 .27
.030 .039
.022 022
10 -—
12 -
as 41
7.6 7.8
14,2 9.4
55 a5
4.6
.2
18-61
a7
14 -
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Unnamed outlet
channe["—--.

to Crabopple Lakse

0 5?0 ‘ 1000 FEET
J

EXPLANATION

—

10

Line of equal
water depth
Interval 5§ feet

[
Water quality
sampling site

coliform bacteria
sampling site

&
Public boat access

Loma La i i
ke, Snohomish County. From Washington Department of Game, July 10, 1952.




LAKE DATA

Loma Lake, Snohomish County. July 30, 1973.

Approx.

scale 1:4800.

77




78 DATA ON SELECTED LAKES IN WASHINGTON, PART 4

Long Lake near Port Orchard (12072615)

Location.
Lat 47%28'58", long 122°35'12", in SW4NWY% sec.8, T.23 N., R.2 E., Kitsap County,
3.5 miles southeast of Port Orchard; Curley Creek basin. Olalla quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area Z.36 sq mi Mean depth 6.5 ft Shoreline configuration 2.0
ARltitude 118 £t Maximum depth 12 £t Development of volume 0.54
Surface area 340 acres Length of shoreline 27,000 ft  Bottom slope 0.28 percent

Lake volume 2,200 acre-ft

Basin geology.
Glacial drift (Sceva, 1957).

Soils.

Mostly gravelly loamy sand with large variety of other soils, including peat, shallow,
stony soils, alluvium, silt loam, loam, loamy sand, gravelly sandy loam, and fine sandy loam
(Wildermuth and others, 1939),

Land use (percentage of drainage basin). yrban 0, suburban 5, agricultural 20, forest or

unproductive 69, and lake surface 6.
Nearshore residential development. g7 percent.

Number of nearshore homes. 121,

Surface-water inflow and outflow.
Salmonberry Creek, the main tributary to Long Lake, enters the lake on the west side. An
estimate of inflow on Mar, 5 was 11.2 fta/s; May 10, 6.5 ft’/s; June 22, 3.8 ft3/s; and
Sept. 7, 2.0 ft3/s. Curley Creek, the outlet, for the same dates had discharges of
20 £t/s (estimated), 13.6 ft3/s, 9.75 ft3/s, and 5.46 fti/s, respectively.

Lake stage.
Lake stage varied 1.0 foot between March-5 and September 7, 1973.

Macrophytes.
Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 8 percent,

Lake bottom covered by submersed plants, 41 percent.

Rooted aquatic plants observed were cattail (Typha sp.), white lily (Nymphaea 8p.), yellow
1ily (Nuphar sp.), sedge {(Cyperaceae), watershield (Brasenia sp.), waterweed (Elodea sp.).
and pondweed (Potamogeton sp.).

Algae observed.
May 10 - A mixed population of blue-green and green algae and diatoms.
June 22 - Predominantly blue-green algae (Aphanizomenon sp.).

Summary and conclusions. _ )
Long Lake is a large, shallow lake with a moderate to high biological productivity. An

intense bloom of blue-green algae was observed on visits to the lake in May and June.
The chlorophyll a concentration, which ranged from 2.6 to 20 ng/l, was among the highest
of the lakes studied. Fecal-coliform-bacteria counts were exceptionally high at the time

of sampling in June. The counts ranged from <1 to 400, with a mean of 207 colonies/100 ml.
The lake supported a heavy growth of aguatic macrophytes, especially at the southern end.

The shallowness of the lake, its exposure to the wind, and the rather large year-round
inflow and outflow allowed DO levels to remain high at all depths for most of the summer.



Water—-guality data for Long Lake.

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date ¢of collection {1973)--wv-

Water depth (ft}---—----—--===

Silica (5i0g)-------———+==————
Dissolved iron (Fe), in ng/l--

Dissolved manganese (Mn)--—---
{in ug/1)

calcium {Ca)

Magnesium (Mg)

Sodium (Na) ---
Potassium (K} --------------=
Bicarbonate (HCO3}

Carbonate {003) ..............

Sulfide {§)--rmmmmmmm-mm-mmos )

Sulfate (S04}----------------
Chloride (Cl)-------oo-m--m--
Nitrate nitrogen

Hitrite nitrogen

Ammonia nitrogen

Organic nitrogen
(ag Py------
Orthophosphate (as P}-~-------
Suspended solids (110°C)-----

Hardness as CaC0y (Ca, Mg}----

Total phosphorus

Specific conductance---------
{micromhos at 25 °C)

pH (pH units)-+e--mommvoomoo-
Water temperature {°C}-------
Color [(Pt-Co scale}----------
Secchi-disc (ft)-------------
Dissclved oxygen (DO)--------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
{col. per 100 ml}

Range--
Mean--~-

Total organic carbon {(as C)--

EXPLANATION

Temperaiure

Dissalved oxygen Canctentraticn

Theoreticol  dissolved
oxygen  soturotian

IN FEET

LAKE DEPTH,

March 5
3
9.9 9.8
200
20
5.7 -
2,9 -
3.1 -
33
0
5.1 -
3.1 -
.27 .28
.01 .01
.10 .22
.41 .47
L029 .032
.003 .003
5 —_—
26 -
59 -
7.3 7.1
7.6 7.5
BS
3.0
12,0 11,9
20 -
3-6
4
9.5 -
06 8
41 -
al 4
1 1:
12, [R—

May 10 June 22
3 7 3 7
5.1 5.0 6.3 6.3
210 260 180 190
20 30 1o 20
41 kY] 45 46
0 [+ -- -
.02 .02 .01 .02
.20 .00 .00 .00
.19 .19 ' .41 .40
.28 22 .09 .07
.030 033 .041 .022
008 608 005 .005
74 74 74 74
6.7 6.6 9.1 . 9.0
13,2 13,0 21.0 18.3
55 50 30 30
6.6 4.6
9.8 9.7 1z.0 9.4
. - 8.5 -
1-4 <1 -400
3 207
6.5 - 12 --
TEMPERATURE, N DEGREES CELSIS
12 14 13 5 V7 13 21 23
IT T T T L [ T T T
Eoo y L -
| [ SR {
i - [
| 2 ]
L 4 L J
1
- 1 -4 - -
1
- I — - -
1 1 1 L8 | 1 | 1 i L
[ 10 2 kS 5 7 E] I

DISSCLVED —~OXYGEN

CONCENTRATION ,

IN  MILLIGRAMS

PER LITRE

September 7
3  _ 7

12 13
150 190
20 10
.5 -
3.8 -
4.7 -
47 48
0 0
3.4 -
2.6 --
.04 .05
.01 .01
.10 .12
40 .57
,027 ,026
.008 .007
0 -
3z -
72 72
7.7 7.6
17.8 17.7
10 20
10
.6 8.4
<1-78
20
6.5 -
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Unnamed
tributary

Saimonberry
Cresk

0 1500 3000 FEET
L | | | | | -
EXPLANATION
10

Line of equal
water depth
Interval 5 feet

Water quality
sampling site

Coliform bacteria
sampling site

&
Public boat access

Unnamed
tributary

Long Lake, Kitsap County. From U.S. Geological
Survey, September 13, 1973.




LAKE DATA

Long Lake, Kitsap County.

July 14, 1971.

Approx. scale 1:14,000.
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Lost Lake near Shelton (12076100)

Location.
Southernmost shoreline point, at lat 47°09'16", long 123°14'51", in Nwk sec.12, T.19 N.,
R.5 W., Mason County, 7.3 miles southwest of Shelton; Goldsborough Creek basin.
Shelton and Elma quadrangles, 1:62,500.

Physical characteristics of lake.

Drainage area 1,08 sqg mi Mean depth 28 ft  Shoreline confiquration 2.1
Altitude 480 ft Maximum depth 65 ft Develcopment of volume 0.42
Surface area 120 acres Length of shoreline 17,000 £t Bottom slope = 2.5 percent

Lake volume 3,400 acre-ft

Basin geology.
Glacial drift, with small part of basin underlain by volecanic rock (Molenaar and Noble, 1970).

Soils.
Mostly gravelly sandy loam with local peat deposits on north side of lake (Ness and Fowler,
1960).

Land use (percentage of drainage basin). uUrban 0, suburban 12, agricultural 0, forest or
unproductive 70, and lake surface 18.

Nearshore residential development. 95 percent,

Number of nearshore homes. 114.

Surface~-water inflow and outflow.
Lost Lake had no observed inflow or outflow between February and September 1973,

Lake stage.
Lake stage varied 2.1 feet between February 26 and September 6, 1973,

Macrophytes.

Shoreline covered by emersed plants, <1 percent.

Lake surface covered by emersed plants, <0.1 percent.
Lake bottom covered by submersed plants, <1 percent.
Rooted aquatic plants observed were none.

Algae observed.
No data.

Summary and conclusions.
Lost Lake is a rather deep, well-sheltered lake that is low in dissolved minerals and in
biological productivity. Both the nutrient and chlorophyll a concentrations were among. the
lowest of the lakes studied. The shoreline and generally steep littoral zone were nearly
devoid of aquatic macrophytes. The lake waters were mixed vertically during the winter and,
because the lake is deep and sheltered, strong thermal stratification occurred early in the
summer. The DO in the hypolimnion was depleted to nearly zero by mid-June. Nearly all the
shoreline is occupied by seasonal and permanent homes. However, this cultural impact
probably is lessened by the dilution effects of the relatively large lake volume.




Water-quality data_ for Lost Lake.

LAKE DATA

[Milligrams per litre

unless otherwise indicated]

83

Date of collection {1973}-ca-- February 26
wWater depth (ft)-~-—==sme=e——-- 3 59
Silica (5i0j}---—--——===-—-=--= 0.9 1.1
Dissolved iron {Fe), in ng/l-- 40 110
pissolved manganese (Mn}---=--- o 20
{in pg/1)
calcium (Ca) -------==--a--- 1.9 -
Magnesium (Mg) -----e--e-u--- 6 —
Sodium (Na) «-----ceo-mmme-—= 1.4 -
Potassium (K) ------==-vc=--=-- .0 -
Bicarbonate (HCG3) ---------- 9 14
Carbonate (C0g)-----=v-=----- 0 0
Sulfide {8)--r-------=r-=---= - -
Sulfate {§04)---=r---=--=--=- 1.8 -
Chloride {Cl)----=v---==-----= 3.2 --
Nitrate nitrogen (as N)------ .06 .04
Nitrite nitrogen {(as N)------ .00 .00
Ammonia nitrogen (as N)------ S04 .18
Organic nitrogen (as M)}------ .16 .04
Total phosphorus (as P}------ .009 .0186
orthophosphate (as P)-------- , 000 , 000
Suspended solids (110°C)----- 1 -
Hardness as CaCOj (Ca,Mg)---- 7 -
Specific conductancer-------= 20 21
{micromhos at 25°C)
pH {pH units)=-r--------=---- 7.6 7.2
water temperature (°C)------- 6.0 4.3
Color (Pt-Co scale)-r-------- 0 10
Secchi-disc (ft)---—-==--=---- 20
Dissolved oxygen (DO)-------- 12,1 11.0
Chlorophyll a in photie zone- 2.3 --
{ng/1}
Fecal coliform Range-- <l=<1
{col. per 100 ml} Megan--- <1l
Total organic carbon (as C)-- 3.0 -
EXPLANATION (}3 7
HEn
Temperotuce T
M-
bt - -y
LTS
Dissolved oxygen conceatrotion 2 2 |1
. za} |} 4
Thaorelical  dissolved T -1
oxygen  saoturation 336— N
o - -
‘;:‘ 44 e
=3
]

April 26
3 57
0.6 1.0
100 150
0 10
11 11
0 Q
.01 01
.00 00
.02 .26
.15 11
. 004 L0115
. 002 . 005
22 26
6.0 6,2
12.3 5.0
10
22
10.8 3.0
B --
<1l-1
1
2,5 -
TEMPERATURE,
S 9 15

a0

[ [3L

DISSOLVED —OXYGEN CONCENTRATION, IN  MILLIGRAMS PER

June 21
3 54
0.3 0.9
40 190
[+ kI
15 -15
Q 0
.01 .ol
.00 .00
.05 .01
.06 .12
007 016
L0011 ,001
7.4 6.5
19.1 6.0
5 10
2L
9.1 4.4
<l-2
<1
3.0 -—

iN OEGREES CELSIUS

5 9 13 7 2
™1 11 T

= p—t———————

4] 4 8 12 6
LITRE

September 6

3 54
0.4 1.3
50 540
0 a3
1.9 -
1.8 -
14 18
Q 0
1.3 -
2.0 -
.01 .01
.00 00
.04 .14
.27 .29
. 004 .012
. 000 .003
Q -
22 25
7.5 7.3
18.2 5.8
4] 10
27
9.0 .4
<1l-1
1
3.5 -
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N
0 1000 2000 FEET
L | | i J
EXPLANATION
20— ®
Line of equal Coliform bacteria
water depth sampling site
Interval 10 feet
- | & y
Water quality Public boat access Unnamed outlet
sampling site chonnel

Lost Lake, Mason County. From Washington
Department of Game, February 12, 1952.



LAKE DATA

Lost Lake, Mason County. May 19, 1972. Approx. scale 1:12,000.
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Louise Lake near Steilacoom {(12090288)

Location.

Lat 47°09'36", long 122°34'00", in NW4sWk% sec.4, T.19 N., R.2 E., Pierce County,
1.6 miles southeast of Steilacoom; Puget Sound basin.
Steilacoom guadrangle, 1l:24,000,

Physical characteristics of lake.

Drainage area 0.34 sq mi Mean depth 22 ft  Sshoreline configuration 1,0
Altitude 230 £t Maximum depth 35 ft Development of volume O0.63
Surface area 39 acres Length of shoreline 4,800 ft Bottom slope 2.4 percent
Lake volume 860 acre-ft

Basin geology.
Glacial drift (Walters and Kimmel, 1968).

Soils.
Gravelly loamy sand and gravelly sandy locam {(Anderson and others, 1955},

Land use (percentage of drainage basin). Urban 8, suburban 41, agricultural 21, forest or
unproductive 12, and lake surface 18.

Nearshore residential development. ‘100 percent.

Number of nearshore homes. 74

Surface-water inflow and outflow.
No inflow was observed and the lake has no surface-water outlet.

Lake stage.
Lake stage varied 2.3 feet between February 16 and August 30, 1973,

Macrophytes.
Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 8 percent.

Lake bottom covered by submersed plants, 64 percent,

Rooted aquatic plants observed were white lily (Nymphaea sp.), sedge (Cyperaceae), coontail
{Ceratophyllium sp.}, pondweed (Potamogeton sp.), muskgrass (Chara sp.}, and wildcelery

(vallisneria sp.).

Algae cbserved.
April 23 - Predominantly green algae (Protococcus sp.).

Summary and conclusions,
Louise Lake is a relatively small, circular lake that has no surface inflow or outflow.
The biological productivity appears to be low to moderate. A littoral zone composed of
mainly gravel and cobbles supported a heavy growth of submersed aquatic macrophytes. The
high density of residential homes around the lake, the absence of an outflow and the
moderate volume of the lake tend to provide a high potential for cultural eutrophication.




Water—euality data for Louise Lake.

LAKE DATA

[Milligrams per litre

unless ctherwise indicated)

87

Date of collection {1973)————_

wWater depth (ft)=--rraecemare==

Silica (§i0p)===---moomo———me
Dissolwved iren (PFe), in ug/l--

Dissolved manganese (Mn}------
{in pg/1}
Calcium (C8) ~~escocmocoooaa
Magnesium {Mg)
Sodium (Na}

Potassium (K)

Bicarbonate (HCOj3)
Carbonate (“’3’ ______________
Sulfide (S)----—---u-r-------
Sulfate [804)-----e--c-m-m-n--
Chloride (Cl)-----vocomo-onnon
Hitrate nitrogen
Nitrite nitrogen
Ammonia nitrogen (as N}------
Organic nitrogen {as N}------
Total phosphorus
Orthophosphate (as P)--------
Suspended solids (110°C)
Hardness as CaCO3 (Ca,Mg)----

Specific conductance---------
(micromhas at 25 °C)

pH {pH unitg)----e-ce--meu-u-"
Water temperature (°C)-------

color (Pt-Co scale)

Secchi-dise (ft)-------==----
Dissolved oxygen {(DO}--------

Chlorophyll a in photic zone-
{»g9/1)

Fecal coliform
{col. per 100 ml)

Rangg- =
Mean---

Total organic carbon (as C)--

EXPLANATION

Temparaiure

Dissalved oaygen concantration

Thecrertical
c1ygen

cissolved
saturalion

Pebruary 16

3 10
0.1 0.1
140 40
20 10
10 -
2,3 .-
4.7 -
.9 --
23 26
o )
9,7 --
4.9 -
.09 .09
.00 .00
.06 11
.30 .25
.012 ,010
002 .002
[4] -
34 -
65 66
7.5 7.3
5,1 4.7
18
12.0 11.0
4.8 -
<1-2
1
5.0 -

IN FEET
=]

@
T

~N
W]
T

LAKE DEPTH,

(]
o
T

g

(7]
»

April 23
3 30
0.1 0,2
I a0
10 40
23 22
0 0
L0l .08
.00 .00
.06 .10
.2 .20
.012 ,008
. 005 L0072
72 71
6.4 6.4
13.2 8.4
10 10
L
19
10.9 3.7
1.6 -
<1-1
<1l
4.5 -
TEMPERATURE,

19 12 l
LI

DISSOLVED —OXYGEN

Ll
[] )

CONCENTRATION,

June 18
3 28
0.0 0.0
50 170
10 120
30 31
0 o
04 .01
00 .00
.03 .14
12 .03
.009 .024
.002 .002
74 74
7.2 6.7
18.0 13,2
5 10
20
9.4 2.0
-9 --
3-18
8
5.0 --
N DEGREES CELSIUS
203 15 17
LI LA !
|- [ -
[
- F -
i
| H N
[
b v -
- 3 -
;
- - i
B ef
-

1

L1
5] 12

IN MILLIGRAMS PER LITRE

August 30
3 26
0.4 0.4
50 70
40 45
5. -
28 28
0 o]
3.0 -
3.6 -
.01 .01
.00 .01
W11 .11
.51 .38
009 .003
.00L .00l
o -
z1 -
72 14
7.4 7.3
21.4 21.3
5 S
22
8.9 8.7
1.3 -—
4-5
S
4.0 -
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N
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| 1 l 1 ]
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water depth
Interval S feet

[
Water gquality
sampling site

Coliform bacteria
sampling site

Ilouise Lake, Pierce County. From Washington
Department of Game, June 5, 1950.




LAKE DATA

scale 1:4800.

Approx.

April 3; 1973,

S
P
£
5
0
]
]
0
¥
(3]
ol
(s 1)
%
|
Q
0
-
8
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Margaret Lake near Duvall (12150480)

Location.
Lat 47°46'02", long 121°53'59", in SW4NW4% sec.3, T.26 N., R.7 E., King County,
4.3 miles northeast of Duvall; Snohomish River basin.
Monroe quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 2.38 sg mi Mean depth 17 ft Shoreline configuration 1.6
Altitude 798 ft Maximum depth 43 ft Development of volume .39
Surface area 55 acres Length of shoreline 8,900 ft Bottom slope 2.4 percent
Lake volume 940 acre-ft

Basin geoclogy.
Glacial drift (Huntting and others, 1961).

Soils.
Gravelly sandy loam, gravelly loam, and shallow stony soils (Poulson and others, 1952).

Land uge (percentage of drainage basin). urban 0, suburban 1, agricultural 0, forest or
unproductive 94, and lake surface 5.

Nearshore residential development. 94 percent.

Number of nearshore homes. 52,

Surface-water inflow and outflow.
Two small inflows enter the north end of Margaret Lake. An estimate of inflow on Mar. 7
was 4.5 £t3/s; May 9, 2.2 ft¥/s; June 28, 1.3 ft3/s; and Sept. 25, 1.0 ft¥/s. The outflow
to Margaret Creek is regulated by a box-culvert overflow.

Lake stage.
Lake stage varied 1.3 feet between March 7 and September 25, 1973.

Macrophytes.

Shoreline covered by emersed plants, 1 to 10 percent.

Lake surface covered by emersed plants, 0.2 percent.

Lake bottom covered by submersed plants, 5 percent.

Rooted aquatic plants observed were coontail (Ceratophyllum sp.)},* cattail (Typha sp.),
sedge (Cyperaceae), pondweed {Potamogeton sp.)}, guillwort (Isoetes sp.), and muskgrass
(Chara sp.).

Asterisk (*) indicates dominant aquatic plant.

Algae observed.
No data.

Summary and conclusions. ]
Margaret Lake was originally a natural lake but is now enlarged by a dam and has a regulated
outflow. The biological productivity of the lake appears to be low. At the time of winter

mixing of the lake waters the nitrate nitrogen concentraticon reached a high value of 0.59 mg/1

and then decreased to 0.02 mg/l in the epilimnion by late September. The total phosphorus
concentration in the epilimnion was relatively low (0.015 to 0.006 mg/l) during the perlods

of sampling. The DO was depleted to nearly zero in the hypolimnion by July. Aquatlc macro-

phyte growth was light.



Water—guality data for Margaret Lake,

LAKE DATA

[Milligrams per litre

unless otherwise indicated)
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Date of collection (1973)--—-a

Water depth (ft)---—-———————u==

Silica (5i0g)---—-----—w==---——

pissolved iron (Fe}, in ug/l--

Dissolved manganese (Mn)------
{in pg/1}

calcium (Ca)

Magnesium (Mg) --------------
Sodium (Na} ---

Potassiom (K} -~

‘Bicarbonate [(HCO3)
Cayrbonate (003) ______________
Sulfide (S)--------=------=--=
Sulfate (S0g)----------------
Chloride (Cl}---------------=
Nitrate nitrogen (as H)------

Nitrite nitrogen

Ammonia nitrogen
Organic nitrogen (as N)------
Total phosphorus {as P)------
orthophosphate {as P)--------
Suspended solids {L10°C)-----
(ca,Mg)----

Specific conductance---------
{micromhos at 25°C)

Hardness as CalOz

pH (pH units)---+r---w--om-m-
Water temperature {°C)-------
Color {(Pt-Co scalep)--------»=
secchi-disc (ft}------------~
Dissolved oxygen (DO)--------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
{(cal. per 100 ml)

Range-~-
Mean---

Total organic carbon (as €)--

EXPLANATION

Temperatuce

Dissolved oaygen concentralion

Thearetical dissalved
axygen  sgturation

March 7
3 36
6.5 7.0
120 150
40 20
3.0 -
.6 -
2.1 --
.2 -—
14 13
3.2 --
1.8 -—
.59 .61
.00 ao
.06 .08
.10 .15
.011 .009
000 000
3 —_—
10 -
32 31
7.2 7.2
7.5 5.9
20 20
i3
11.4 10.1
2.7 -
<l-<1
<1l
3.5 —
10
I -
L
w
" —
z .
2 .
[ .
a
w -
a
w .
=
o =
J
aql 1
8 10 14

May @
3 a6
5.2 6.5
1p0 150
10 30
15 11
.38 4l
.00 oo
.04 .13
.20 .09
D06 .00%
004 .004
30 28
8.1 7.4
12.0 7.0
15 30
13
10.5 5.4
-] -
1-3
2
4.0 -
TEMFPERATURE,

4 8 2
DISSOLVED —OXYGEN CONCENT

June 28
3 _36
4,2 6.8
150 370
10 260
20 19
.17 .28
ao 00
.10 .06
.05 .04
,015 .o20
. 005 il
31 29
6.9 6,0
19.8 7.9
5 -—
13
8.6 1.6
1.0 -
2-5
4
5.0 -
IN DEGREES CELSIUS
5 B 12 16 20
T T T 1
- ;
1
— A —
i
|
L J -
[/ P
r H
{ .
-l —
!
- ! —
4
L -
¥ i
I T N R N
0 2 6 10 14
RATION, IN MILLIGRAMS PER LITRE

September 25

3.5 6.8
440 4,700

120 1,400

4,0 --
.8 -
2.2 -
.3 -
17 19
- .3
2,7 -,
1.9 -
.02 .02
.00 .01
.07 .58
.28 .04
.09 024
. 006 022
& -
13 -
33 47
7.5 7.2
16.2 8.1
5 20
8.5
8.0 .2
1.4 -
3-15
8
3.5 -
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Unnamed
tributary

Unnamed
fributary

N
O 400 800 FEET
| | |
EXPLANATION Margare! Creek
10 [
Line of equal Coliform bacteria
water depth sampling site
Interval 5 feet
B A
Water quality Public boat access

sampling site

Margaret Lake, King County. From U.S. Geological Survey, June 26, 1973.



LAKE DATA

Margaret Lake, King County. May 17, 1973. Approx. scale 1:4800.
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McIntosh Lake near Tenine (12079300)

Location.

Southernmost shoreline point, at lat 46°51'41", long 122°46'29", in WWXNW% sec.23, T.16 N.,
R.1 W., Thurston County, 3.6 miles east of Tenino; Deschutes River basin.
Bucoda and East Olympia quadrangles, 1:24,000.

Physical characteristics of lake.

Drainage area 2.26 sq mi Mean depth 7.5 ft Shoreline configuration 2.0
Altitude 332 ft Maximum depth 1l ft Development of volume 0.68
Surface area 93 acres Length of shoreline 14,000ft Bottom slope 0.48 pexcent
Lake volume 700 acre-ft

Basin geology.
Glacial drift and sedimentary rocks,with alluvium on southeast side of lake

(Noble and Wallace, 1966).
Soils.

Silty clay loam, fine sandy loam, gravelly loam, and clay locam (Ness, 1958),

Land use (percentage of drainage basin). Urban 0, suburban 5, agricultural O, forest or
unproductive 89, and lake surface 6.

Nearshore residential development. 44 percent.

Number of nearshore homes. 53.

Surface-water inflow and outflow.

McIntosh Lake had no observed inflow or outflow between February and September 1973.

Lake stage.
Lake stage varied 1,7 feet between February 20 and September 17, 1973,

Macrophytes.
Shoreline covered by emersed plants, 1-10 percent.

Lake surface covered by emersed plants, 0.4 percent.

Lake bottom covered by submersed plants, 55 percent.

Rooted aquatic plants observed were cattail (Typha sp.), white 1lily (Nymphaea sp.), yellow
1lily (Nuphar sp.), sedge (Cyperaceae), waterweed (Elodea sp.), pondweed (Potamogeton sp.).,
and muskgrass {Chara sp.).

Algae observed.
June 19 - A mixed population of flagellates (Ceratium sp.)* and blue -green algae
(Nostoc sp., Oscillatoria sp.).

Asterisk (*) indicates dominant aquatic plant.

Summary and conclusions.
McIntosh Lake is a long, shallow lake with no significant surface-water inflow or outflow.
The lake appears to be moderate to high in biclogical productivity. The nutrient concen-
tration was moderate. A high cell density of flagellates and blue-green algae was observed
in June. The shallowness of the lake allowed DO concentrations to remain high throughout
the summer. A lake bottom composed of mainly sand, gravel, and cobbles supported & heavy
growth of submersed macrophytes. BAbout 55 percent of the bottom was covered primarily with
waterweed and pondweed, and the growth was heaviest at the ends of the lake. Submersed
wood debris and logs were scattered on the lake bottom near the east shore,




Water-guality data for McIntosh Lake,

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date of collection (1973)-——-—-

Water depth (ft}-------m—-m-—

Silica (Si0g)}------—-m------o=
Dissolved iron (Fe), in pg/l--

Dissolved manganese (Mn}------
{in pa/1}

Calcium. (€a) ------emmmmun
Magnesium (Mg) ---~------—---
Sodium [(Na) —-c-commmmmmem--
Potassium (K) oo
Bicarbonate (HCO3) ---------=
Carbonate (003) ______________
Sulfide (§)=--mmrmmmmmmemnmmn-
Sulfate (S04} ----------------
Chloride [Cl)-=w--—-—---c--—-
Nitrate nitrogen (as N)------
Nitrite nitrogen (as H)------
Ammonia nitrogen (as N)------
Organic nitrogen {as N)------
Total phosphorus (as P}---~--
orthophosphate (as B)--------
Suspended seclids (1ip°C)-----
Hardness as CaCO3 (Ca,Mg)----

Specifie conductance---------
{micromhos at 25°C)

pH (pH unitg)----------------
Water temperature {°C}-------
Color (Pt-Co scale)----------
secchi-disc (ft)------------—-
Dissolved oxygen (DO}--------

Chlorophyll a in photic zone-
{ng/1})

Fecal coliform
{col. per 100 ml}

Range--
Mean---

Total organic carbon {(as C)--

EXPLANATION

Temperature

Dissolved oxygea tantentrotion
Theoretical dissolved
oxygen  sgturation

Februvary 20

3 7
10 10
190 190
0 10
5.3 -
1. -
25 25
0 0
5.5 -
4.2 -
.49 .48
.00 .01
11 .14
. 28 .18
027 .018
003 .03
3 —_
20 -
57 57
7.6 7.2
5.9 6.0
15 20
8.5
12,1 12.1
3.2 -
<14
1
5.0 -
-
" ,
v gt ? T
f:
z2r ;] A
N
T :
P T
WL -
= .
[lal L
w e T e
E-1
-

DISSOLVED — OXYGEN

April 24 June 19
-3 T -3 7
6.5 6.5 5.8 5.8
150 170 210 2490
10 30 40 30
26 27 3e 36
0 0
.02 .02 .0l .0l
Q0 .00 .00 .00
11 .08 , 20 .18
.19 .22 .09 .02
L0l2 013 .03i8 . 040
.006 . 004 .002 .002
59 59 62 63
7.7 6.9 7.0 7.0
12.3 12.3 17.1 16,9
S 5 20 35
8.6 7.9
10.7 10.6 .2 7.8
) - 4.9 --
<l-1 <l-5
<t 2
4,5 - 5.0 --
TEMPERATURE, IN OEGREES CELSIUS
1 14 16 18 20
T T T
1 1 b4
H - ! H
I I :
L i o H H
HooH L b
v A
- |:. - - -
1 . 'l i 1 ’
] ] [:] 10

CONCENTRATION, 1IN MILLIGRAMS PER

LITRE

September 17
3 5

8,1 8.2
220 290
20 60
5.7 -
1.9 -
5.0 -
1.4 -
s 36
0 0
3.8 -
2.3 --
,00 .01
.00 .01
.a8 .05
.36 .57
.066 .068
. 004 .004
3 —
22 --
61 61
5,7 -
17.9 17.9
10 10
8.5
9 9.9
1.3 -
<1 =5
2
4.0 -
15 ll7 . 15
HEN
-4
9 10 . 12
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N2
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1000
| |
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®
Coliform bacteria
sampling site

&
Public boat access

N

Marsh

McIntosh Lake, Thurston County. From Washington
Department of Game, December 14, 1949,



LAKE DATA

McIntosh Lake, Thurston County. May 12, 1972, Approx. scale 1:12,000.
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McMurray Lake at McMurray {(12199200)

Location.

Lat 48°19'28", long 122°13'22", in NW%NW% sec.30, T.33 N., H.S E., Skagit County,
0.9 mile northeast of McMurray; Skagit River basin.
Clear Lake quadrangle, 1:62,500.

Physical characterigstics of lake.

Drainage area 3.25sq mi Mean depth 29 ft  Shoreline configuration 1.5
Altitude 225 ft Maximum depth 52 ft Development of volume 0.56
Surface area 160 acres Length of shoreline 14,000 ft  Bottom slope 1.8 percent
Lake volume 4,500 acre-£ft

Basin geology.
Sedimentary rocks and alluvium (Huntting and others, 1961).

Soils.

Gravelly sandy loam, loam, gravelly loam, silty clay, silt loam, and local muck
{(Ness and others, 1960).

Land use (percentage of drainage basin). Urban 0, suburban 3, agricultural 11, forest or
unproductive /9, and lake surface 7.

Nearshore residential development. 48 percent.

Number of nearshore homes. ©4.

Surface-water inflow and outflow,.
McMurray Lake has 13 small lnflows, mostly along the west side of the lake. The estimated
inflow on Mar. 20 was 8 ft3/s; May 18, 1.5 ft 3/ July 2, 1 ft 3/s, and Sept. 22, 0.5 ft3/s.
The outflow is regulated by a concrete welr with flashboards.

Lake stage.
Lake stage varied 1.4 feet between March 20 and September 22, 1973.

Macroghxtes.

Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 0.2 percent.

Lake bottom covered by submersed plants, <] percent.

Rooted aquatic plants observed were cattail (Typha sp.), white lily {Nymphaea sp.),
yellow lily (Nuphar sp.), sedge [(Cyperaceae), and watexrweed (Elodea sp.).

Algae ohserved.
May 18 - Predominantly diatoms (Fragillaria sp.,* Asterionella sp.,* Tabellaria sp.,
Synedra sp.}.
July 3 - A mixed population of blue-green (Polycystis sp.)* and green (Volvox sp.) algae
and diatoms (Fragillaria sp.).
Sept.22 - A mixed population of diatoms (Fragillaria sp.),* blue-green algae (Nostoc sp.,
Oscillatoria sp.), and flagellates (Ceratium sp.).

Asterisk (*) indicates dominant aquatic plants,

Summary and conclusions.
McMurray Lake appears to be moderate in biological preoductivity. The nitrate nitrogen,
total phosphorus, and chlerophyll a concentrations were relatively high. A bloom of blue-
green algae and diatoms was observed during visits to the lake in May and July. The lake
was completely mixed vertically in late March. By mid-June strong thermal stratificaticn
was established and the DO was depleted to nearly zerc in the hypolimnion. By mid-September
all water below a depth of 20 feet was devoid of oxygen. A littoral bottom composed of sand,
gravel, and cobbles supported a light growth of aguatic macrophytes. About 48 percent of the
nearshore area is now occupied by homes. Nearshore homes increased from 14 homes in 1956 to
64 homes in 1973.




Water-quality data for McMurray Lake,

LAKE DATA

[Milligrams per litre

unless otherwise indicated]

99

Date of collection (1973)-——--- March 20
Water depth (ft)=--—-—-=c=---- 3 43
silica (Si0}-—-===m-mmcmmawan to8.2 8.4
pisgolved iron [(Fe}, in ug/l-- 220 262
Dissolved manganese {(Mn)-----—— 120 110
{in pg/1}
Calecium (CB) -----—-ece--ae- 7. -
Magnesium (Mg} ------euo-—---- 2,7 _—
Sodium (Na} errocomooccaamoam 6.1 -
Potassivm [K) ------------+-- .7 —
Bicarbenate (HCOO3) --=------- g 31
Carbonate (CO4)-------==r~--- - -
Sulfide (5)--------e----se--- - -
Sulfate (504} 7.9 -
Chloride (Cl) 4.0 -—
Nitrate nitrogen 77 .75
Hitrite nitrogen 04 .04
Ammonia nitrogen .14 .15
Organic nitrogen .26 .37
Total pheosphorus .041 .034
Orthophosphate {ag P)-------- .003 .003
Suspended solids (110°C)----- & -
Hardness as CaC0y (Ca,Mg)---- 30 -
specific conductance--------- a2 B2
(micromhos at 25°C)
pH (pH units)---------------- 6.7 6.5
Water temperature (*C)-.------ 6.8 5.9
Color (Pt-Co scale)-------«-= 25 25
Secchi-disc (ft)----------~-~ 5.9
Dissolved oxygen (DO)-------- 12,1 11.2
Chlorophyll a in photic zone- 11.2 —_
(ng/1}
Fecal coliform Range-- 1-3
{col. per 100 ml) Mean--- 2
Total organic carbon (as C)-~ 8.5 -
EXPLANATION ot

Temperoture 8

—
Lt
wi -
'S
Dissclved oxyqen concentrotion = L] o
Theoreticol  dissolved 24~
orygen  soturation =

2

LAKE DEPTH,

40

48

Ma
3

2.5
11¢
20

7.2
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McMurray Lake, Skagit County. From Washington Department of Game, March 10, 1956.
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McMurray Lake, Skagit County. June 2, 1970. Approx. scale 1:12,000.
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Medical Lake at Medical Lake {12425000)

Location,
Southernmost shoreline point, at lat 47°33'48", long 117%41'21", in NwiNW% sec.19, T.24 N.,

R.41 E., Spokane County, 0.8 mile southwest of Town of Medical Lake; Spokane River basin.
Medical Lake quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 1.35 sgq mi Mean depth 32 ft  Shoreline configuration 1.8
Altitude 2,394 ft Maximum depth 60 ft  Development of volume 0.53
Surface area 160 acres Length of shoreline 17,000 ft Bottom slope 2.0 percent
Lake volume 5,000 acre-ft )

Basin geology.
Basalt (Huntting and others, 196l1).

Soils.
Mostly silt loam and stony silt lcam (Donaldson and Giese, 1968).

Land use {percentage of drainage basin). Urban 47, suburban 4, agricultural 0, forest or
unproductive 31, and lake surface 18.

Nearshore residential development. 36 percent.

Number of nearshore homes. 26,

Surface-water inflow and outflow,
No inflow was observed and the lake has no surface-water outlet.

Lake stage.
Lake stage varied 1.6 feet between April 5 and October 2, 1973.

Macrophytes.
Shoreline covered by emersed plants, 1l to 25 percent.

Lake surface covered by emersed plants, 5 percent.

Lake bottom covered by submersed plants, <1 percent.

Rooted aquatic plants observed were cattail (Typha sp.), sedge (Cyperaceae), and pondweed
(Potamogeton sp.).

Algae cbserved. .
May 23 - Predominantly blue-green algae (Anabaena sp., Polycystis sp.).
July 11 - Predominantly blue-green algae (Aphanizomenon SP.).
Oct. 2 - Predominantly blue-green algae (Aphanizomenon spP.}.

Summary and conclusions.
Medical Lake in eastern Washington has a high biological productivity. The chlorephyll a
concentration {a range of 0.9 to 53 ug/l) and dissolved-mineral concentration were the highest
of the lakes studied, and the nutrient concentration was among the highest of the lakes
studied. The total phosphorus and organic nitrogen concentrations in the epilimnion ranged
from 0.31 to 0.45 mg/l and 1.7 to 3.7 mg/l, respectively. During the summer a "pea soup"
bloom of hlue-green algae was observed, accompanied by a supersaturated DO condition in
the epilimnion. The DO was entirely depleted in the hypolimnion. The rocky littoral zone
supported only a light growth of aguatic macrophytes.
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Date of collection (1973)-----

wWater depth (f&)---——————————==

Silieca (§i0g)-———-—--==--om———
Dissolved iron (Fe), in pg/l-—-

Dissolved manganese (Mn}------
(in pg/1)

calcium (Ca) ~~--------ne---=
Magnesium (Mg)
Sodium (Na}

Potassium (K} «----cc--naecan-

Bicarbonate (HOOR) -----—----
Carbonate (003) ..............
Sulfide {S)~s---r-—--emmmmea
Sulfate (S504)-----=-~--------
Chloride (Cl}-----==n-------=
Nitrate nitrogen {as N)------
Nitrite nitrogen {as N)--«---
Ammonia nitrogen {(as N)------
Organic nitrogen (as N)--~----
Total phosphorus (as P)------
Orthophosphate {as P)--------
Suspended solids {110°C)-----
Hardness as CaC0Oj3 (ca,Mg)-~--~

Specific conductance------==-
(micromhos at 25°*C)

pH {(pH units}-------==ver----
Water temperature (°C)-------
Color (Pt-Co scale)----------
Secghi-disc {(ft)-------c----=
Dissolved oxygen {DO}--------

Chlorophyll a2 in photic zone-
(py/1)

Fecal coliform
(col. per 100 ml)

Range--
Mean=--

Total organic carbon [as €)--

EXPLANATION
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-
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oxygen  soturation FS
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<l=-x<1l
<1l
30 -

o

1“4~y dd —p— |
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Department of Game, February 12, 1955.



LAKE DATA

il .lJ- 3 ”—-wfuq

v T
s ,“. nﬁgm.“-mw@

L
..f«..w

o W
ot

scale 1:12,000.

Approx.

1967.

r

July 27

-
5
0
8]
)
g
G
8
0
0
v
)
=
~
L
0
-~
i
=




106 DATA ON SELECTED LAKES IN WASHINGTON, PART 4

Medical, West Lake, near Medical Lake (12464669)

Location.
Southernmost shoreline point, at lat 47°33'42", long 117°42'06", in SWYNE% sec.24, T.24 N.,
R.40 E., Spokane County, 1.2 miles southwest of town of Medical Lake; Crab Creek basin.
Medical Lake gquadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 1.84 sqmi Mean depth 22 ft Shoreline configuration 1.9
Altitude 2,423 ft Maximum depth 35 £t Development of volume ©.63
Surface area 220 acres Length of shoreline 21,000 £t  Bottom slope 1.0 percent

Lake volume 4,900 acre-ft

Basin geology.
Basalt and metamorphic rocks (Huntting and others,. 1961).

Soils.
FMostly silt loam and stony silt loam (Donaldson and Giese, 1968).

Land use (percentage of drainage basin). Urban 1, suburgan 0, agricultural 5%, forest or
unproductive 21, and lake surface 19.

Nearshore residential development. O_percent.

Number of nearshore homes. 0.

Surface-water inflew and ocutflow.
West Medical Lake receives waste effluent from the Eastern Washington State Hospital.
The lake has no surface outlet.

Lake stage.
Lake stage varied 1.5 feet between April 3 and October 3, 1973. Daily lake-stage data can be

obtained from a report by U.S. Geological Survey (1973).

Macrophytes.
Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 0.9 percent.

Lake bottom covered by submersed plants, 16 percent.

Rooted aquatic plants observed were pondweed {Potamogeton sp.),* cattail (Typha SP.}

sedge {Cyperaceae), coontail (Ceratophyllum sp.)., waterweed (Elodea sp.), and water milfoil

{(Myricphyllum sp.).

Algae observed.
May 23 - Predominantly green algae (Pediastrum sp.) and some blue-green algae (Polycystis sp.)

July 11 = Predominantly blue-green algae (Polycystis sp.,* Aphanizomenon sp.).
Oct. 3 - Predominantly blue-green algae (Aphanizomenon sp.).

Asterisk (*) indicates the dominant aquatic plants.

Summary and conclusions.
West Medical Lake is one of the most biologically productive lakes in the State. The lake
receives secondary-treated sewage effluent, that is high in nutrients, from Eastern State
Hospital. The phosphorus concentration was the highest of the lakes studied. Total
phosphorus and orthophosphorus {soluble)} in the epilimnion ranged from 1.8 to 2.1 mg/l and
2.4 to 3.2 mg/l, respectively. Dense blooms of blue-green algae caused a supersaturated DO
condition in the epilimnion during the summer, and in the hypolimnion the DO was entirely
depleted. In the fall, when the lake mixes vertically, the DO at all depths was depleted to

4 mg/l. The littoral zone supported a heavy growth of aquatic macrophytes, primarily pondweed.
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Date of collection {1973} -———--

Water depth (ft)---w---c——ec---

Silica (8i0s)----=-=-c=-=mueun
Digsclved iren [(Fe)}, in ug/l--

Dissolved manganese {(Mn)------
{in pg/1}

Caleium {€a) -~-~----moooo— oo
Magnesium (Mg} ------------—-
Sodium (Ha) -re---ommeecea——
Potassium (K} -~----------=-=
Bicarbonate (HCO3) ----------
Carbonate (coa) ..............
Sulfide (§)e=-=mc--cm—-mr=m==
Sulfate [(804)----------------
Chloride (Cl)------cecuonannmn
Hitrate nitrogen {as N)------
Hitrite nitrogen (as HN)------
Ammonia nitrogen {as H)------
Organic nitrogen {as N)------
Total phosphorus {as P}---=--=
Orthophosphate {as P)--------
Sugpended solids (110°C)-----
Hardness as CatQy {Ca,Mg)----

Specifie conductance----===--
{micromhos at 25°C)

pH (pH units)-=r--------=----

Water temperature {*C}-------

Color (Pt-Co scale)-----«-=x~

Secchi-disc {ft}-------------

Dissolved oxygen (DO)--------

Chlorophyll é_ in photic zone-
(ng/1)

Fecal coliform
{col. per 100 ml)

Range--
Mean---

Total organic carbon {as C)}--

EXPLANATION

Temperoture
. Dissolved gxygea concentration
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Quygan  soturation
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12,6 .2
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1
19 -
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Medical, West Lake, Spokane County. From
washington Department of Game, February 3, 1955.
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Medical, West Lake, Spokane County. July 25, 1974. Approx. scale 1:14,000.
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Munn Lake near Olympia (12079900}

Location.

Tat 46°58'56", long 122°52'49", in SWh4SWX% sec.l, T.17 N., R.2 W., Thurston County,
1.6 miles southeast of Tumwater; Deschutes River basin.
Maytown guadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 0.67 sq mi Mean depth 10 ft Shoreline configuration 1.3
Altitude 142 £t Maximum depth 19 ft Development of volume 0.53
Surface area 34 acres Length of shoreline 5,700 £t  Bottom slope 1.4 percent
Lake volume 350 acre-ft '

Basin geclogy.
Glacial drift deposited primarily as recessional ocutwash (Noble and Wallace, 1966).

Soils.
Mostly loamy fine sand with local peat deposits on north and south side of lake (Ness, 1958).

Land use (percentage of drainage basin). yrban 3, suburban 4, agricultural 42, forest or
unproductive 42, and lake surface 9,

Nearshore residential development. 33 percent.

Number of nearshore homes. 9,

Surface-water inflow and outflow.
Munn Lake received some surface-water inflow from Trails End Lake early in the year. On
February 22 and April 24, 1973, the inflow was estimated to be 0.1 ft3/s. On June 19 and
September 17, 1973, no inflow was observed. The lake has no surface-water outlet.

Lake stage.
Lake stage varied 2.6 feet between February 22 and September 17, 1973.

Macrophytes.
Shoreline covered by emersed plants, 51 to 75 percent.

Lake surface covered by emersed plants, 9 percent.

Lake bottom covered by submersed plants, 62 percent.

Rooted aquatic plants observed were white lily (Nymphaea sp.),* coontail {Ceratophyllum sp.),*
cattail (Typha sp.), vellow lily {Nuphar sp.), sedge (Cyperaceae), watershield (Brasenia sp.).
stonewort (Nitella sp.}, and water milfoil {Myriophyllum sp.).

Algae ohserved.
June 19 - Predominantly blue-green algae (Aphanizomenon sp.).
Sept.17 - Predominantly blue-green algae {Anabaena sp.,* and Aphanizomenon sSp.).

Asterisk (*)} indicates dominant aquatic plants.

Summary and conclusions.
Munn Lake probably can be considered moderate to high in biological prodictivity. A bloom
of blue-green algae was observed during visits to the lake in June and September, The
chlorophyll a concentration ranged from 5.6 to 30 pg/l throughout the summer and was among
the highest for the lakes studied. The littoral zone, composed primarily of muck, supported
a heavy growth of emersed and submersed agquatic macrophytes. The DO was depleted to zero

only near the lake bottom.
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Waterguality data for Munn Lake,

[Milligrams per litre unless otherwise indicated]

Date of collection {1973)-—-—= February 22 April 24 June 19 September 17
Water depth {(ft)---=--——-———— 3 L _ 16 3 13 -3 @ _10 -3 10
Silica (8i0p)==--mmmmuommoome 0.5 0.4 0.2 0.3 0.3 0.4 0.6 0.5
Dissolved iron (Fe), in ng/l-- 20 230 80 100 110 160 170 170
Dissolved manganese (Mn}-—--—- Y 10 10 10 4] 10 10 30
(in pg/l1)
Calcium {€a) ~—ccecemoai - 2,1 -- -- -~ == - 1.9 -
Magnesium (Mg) ------muouo-- B -- - - -- - .B -—
Sodium (Na) -------wcucmca---- 1.7 - - - - - 1.8 -
Potassium (K) --------------- .7 - -- - - - 1.6 -—
Bicarbonate (HCO3) ---------- 16 9 11 12 17 15 15 14
Carbonate (COg)-------n-n----- ° o 0 ¢ o o o 0
Sulfide (8§)-----------ouonaoon - - == == - - - ==
Sulfate {SQq}-v--wemerr—onooo 1.8 - - -= - - 2.4 -
Chloride [Cl)---=-==saeenr-m- 3.1 -~ - - - - 1.6 -—
Hitrate nitrogen (as W)------ .30 .31 .01 .03 .01 .01 .01 .01
Nitrite nitrogen (as H)------ .01 .00 .00 .00 .00 00 .01 .01
Ammonia nitrogen (as N)------ .26 .28 .25 .34 .25 .22 .35 .26
Organi¢ nitrogen (as N)------ .36 .40 .47 .32 .01 .04 1.4 1,1
Total phosphorus {as P)------ 1025 .029 .031 .035 .049 .045 .081 .054
Orthophosphate (as P)-------- . 004 004 .005 LQ05 .o002 004 .004 .002
Suspended selids (110°C)----- 6 -- - -- -- -- 1 --
Hardness as CaC0y {Ca,Mg)---- 9 - -- -~ - - 8 --
Specific conductance----- N 25 26 26 28 -- -- 28 ry
({micromhos at 25°C)
PH {PH unitg)---n---omomoomoo 7.2 7.1 6.5 6.4 6.8 6.8 5.9 5.6
Water temperature [(°C)------- 6.0 5.8 13.1 12.1 18.4 17.1 17.9 17.9
Color (Pt-Co scale)-~=------- 30 25 20 20 30 55 -- -
Secchi-dise [fE) -smmmaan---- 8.5 5.6 6.9 2,0
Dissolved oxygen {(DO)-------- 11,6 11.4 9.8 3.7 9.9 7.2 11.8 6.0
Chlorophyll a in photic zone- 9.8 - 6,1 - 5.6 - . 30 -
(ng/1) .
Fecal coliform Range-- <1-2 <1-6 <l-<t <l-<1
(col. per 100 ml) Mean--- 1 2 <1 o
Total erganic carbon (as C)-- 9.0 - 9:0 -- 12 -- 11 -
TEMPERATURE, (N DEGREES CELSIUS
4 7 | 12 4 6 5 16 18 2 15 17 1 21
EXPLANATION o ?_ T 2 T T T T o T T 1 T o T T T l9 T 1
ki 5 . - ; 4
w [ ' H 1
Tempercture woal 1 4 = . - : 4
w [ ! : :
BN . | i - : &
=z [ i : ]
L] i i | Y
Dissolvad oxygen conceniration = E i K i —‘::‘, i
Iy i A Pl I
. . wozb i S - , | F - .
Theoretical dissolved a IIf: - H
orygen  sofuration w 2 b - L. 4 N o | ~
£ el ] - 1 - 1 - 1
J | ] | 4 | _
1 1 1 1 i 1 1 1 1 1 L H 1
0 4 a8 2 G 2 B [+} 4 [3]

DISSOLVED —OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITRE
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Munn Lake, Thurston County. July 31, 1973. Approx. scale 1:4800.
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North Lake near Federal Way (12102750)

Location.

Southernmost shoreline point, at lat 47°18'00", long 122°17'30", in NEYNE% sec.2l, T.21 N.,
R.4 E., King County, 1.8 miles southeast of Federal Way; Hylebos Creek basin.
Poverty Bay quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 0.76 sq mi Mean depth 14 ft shoreline configuration 1.6
Altitude 392 ft Maximum depth 34 ft pevelopment of volume 0.40
Surface area 56 acres Length of shoreline 9.000 ft Bottom slope 1.9 percent
Lake volume 770 acre-ft

Basin geoclogy.
Glacial drift with local peat and muck deposits (Luzier, 1969).

Soils.

Gravelly sandy loam with some local muck deposits on north side of lake {Poulson and others,
1952},

Land use (percentage of drainage basin). Urban 2, suburban 10, agricultural 3, forest or
_unproductive 73, and lake surface 12,

Nearshore residential development. 57 percent.

Number of nearshore homes. 58,

Surface-water inflow and cutflow.

An unnamed tributary contributed minor inflow early in the year. The outflow on March 5 was

estimated to be 0.3 £t3/s; May 11, 0.1 f£t%/s, and July 5, less than 0.1 ft¥/s. The outlet
was dry on September 13, 1973.

Lake stage.

Lake stage varied 1.4 feet between March 5 and September 13, 1973,
Macrophytes.
Shoreline covered by emersed plants, 51 to 75 percent.
Lake surface covered by emersed plants, 16 percent.
Lake bottom covered by submersed plants, 40 percent.
Rooted aguatic plants observed were white lily (Nymphaea sp.),* pondweed (Fotamogeton sp.},*

Yellow lily (Nuphar sp.), sedge (Cyperaceae)}, watershield (Brasenia sp.) and stonewort
(Nitella sp.).

Asterisk (*) indicates dominant aquatic plants.

Algae cbserved.
May 11 - Predominantly blue-green algae {Nostoc sp.).

Summary and conclusions.

North Lake appears to have a moderate to high biological productivity. An intense bloom

of blue-green algae was observed during a visit to the lake in May. Strong thermal strati-
fication was established early in the spring. By May the DO in the hypolimnion was depleted
to zero and by September all water below a depth of 16 feet was without oxygen. Fecal-
coliform-bacteria counts were among the highest of the lakes studied. The May and September
sampling periods had the highest counts, with mean values of 33 and 36 colcnies per 100 ml,
respectively. The littoral zone is composed primarily of muck and supported a heavy growth
of submersed plants. About 16 percent of the lake surface was covered with white lilies

and pondweed. The minimal amount of lake flushing increases the potential for eutrophication.
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Water-guality data for North Lake.

[Milligrams per litre unless otherwise indicated]
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Date of collection (1973)-—--—- March S May 11 July 5
Water depth (ft)===-m-r-———-—- 3 31 3 33 3 kK]
Silica (8i03)--==--——--"co——m= 2.2 2.7 0.2 2.1 0.3 2.9
Dissolved iron [Fe), in pug/1-- 60 150 50 680 .BO 1,400
Dissolved manganese {Mn)------ 20 30 0 110 10 160
{in pg/1)
Calcium (€A} -----------u---= 4.9 -- -- -— - -
Magnesium (Mg) -------sa----- 1.4 - - - - -
Sodium (Na) ------eveenro—n-- 3.6 - - - - -
‘Potassium (K) --------------= 1.0 - - - - -
Bicarbonate (HCO3} ------v--- 18 18 14 19 20 30
Carbonate {€Oj}---r~--------- 0 0 0 0 0 0
Sulfide (§)---------r=------= - - - .2 - 25
Sulfate (S0g)-----------=---- 8.9 -- - - - -
Chloride (Cl}------------«--- 4,2 - - — _— .
Nitrate nitrogen (as N)------ .25 .27 .02 .05 .01 .00
Nitrite nitrogen (as N}------ .01 .01 .00 .01 .00 .ol
Ammonia nitrogen {as N)------ -18 .30 .21 .82 .08 1.7
Organic nitrogen (as W}------ .56 .44 .27 .38 .07 .10
Total phosphorus [as Py------ .028 .023 .04 .039 .012 .092
Orthophosphate {as P)------=-- .00l .ooL .00l . 009 004 .049
Suspended solids (110°C)----- 1 -— -— - - —
Hardness as CaCO3 (Ca,Mg)---- 18 - - - - _—
Specific conductance----=----- 54 54 55 62 55 56
{micromhos at 25°C)
pH {pH unitg)-------=-r-----= 7.2 7.1 6.6 6.6 6.6 6.0
Water temperature {°C}------- 7.7 5.9 15.0 7.2 20,7 7.7
Color (Pt-Co scale)--~-----=- 45 45 is 50 25 55
Secchi-dise (ft)-----------== 4.6 ’ o9 9.5
Dissolved oxygen (DO)-------~- 13.0 B.4 10,0 .5 B.4 1.5
Chlorophyll a in photic zone- 18 - 3.3 - 2.7 _—
(pg/1)
Fecal coliform Range-- 5-8 22-52 6=-28
(col. per 100 ml)  Mean--- 7 33 15
Total organic carbon (as €)-- 9,5 - 8,5 _ 8.5 _—
TEMPERATURE, IN DEGREES CELSIVS
EXPLANATION . P : 8 !\IZ 6 8 12 r? .20 Te 3 "EIT -
w4 i E :
Temperature U = 1 ,' ]
z 2 r':— ,';:':. -
- = -

Dissolved axygen &oncantrolion

Theoreticol  dissolved
orygen  soturgtion

20

LAKE DEPTH,
T

2 8 L] 4 o 2 -] le] 14 o 2 € [[e] 14

DISSOLVED —OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITRE

September 13

3 _28.
0.7 2.8
80 1,900
10 210
4.7 -
1.5 -
3.8 -
.8 -
22 30
o o
8.3 -
4.1 -
.01 .00
.00 .01
.10 1.8
1.0 .2
.01z .050
.002 ,010
0 -
18 -
59 80
7.9 8.1
18.4 B.5
25 55
9.5
8.5 .2
3.1 --
14-53
36
9,0 -
8 1216 20
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Unnomed
/ tributary
N
1000 2000 FEET
1 | | J
Unnomed outlet
channel EXPLANATION
. 10 .
Line of equal Coliform bacteria
water depth sampling site
Interval 5 feet
a &
Water quality Public boat access

sampling site

North Lake, King County. From Washington Department of Game, March 7, 1950.
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North Lake, King County. May 17, 1973. Approx. scale 1:4800.
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Sawyer Lake near Black Diamond ({12111000)

Location.

Lat. 47°20'03", long 122°02'24", in NE4SE% sec.4, T.21 N., R.6 E., King County, 2.5 miles
northwest of Black Diamond; Duwamish River basin. Black Diamond quadrangle,, 1:24,000.

Physical characteristics of lake.

Drainage area 13.0 sq mi Mean depth 25 ft Shoreline configuration 2.8
Altitude 495 ft Maximum depth 58 ft Development of velume  0.43
Surface area 310 acres Length of shoreline 36,000 ft Bottom slope 1.4 percent

Lake volume 7,700 acre-ft

Basin geology.
aclal drift deposited primarily as recessional outwash {Luzier, 1969).

Soils.,

Gravelly fine sandy loam with peat and muck on southeast side of lake (Poulson and others,
1952).

Land use (percentage of drainage basin). Urban 2, suburban 2, agricultural 5, forest or
unproductive 87, and lake surface 4,

Nearshore residential development. 83 percent.
Number of nearshore homes. 291.

Surface-water inflow and outflow.
Sawyer Lake has two main perennial inflows, Beaver Creek and Rock Creek. An estimate of
inflow from Beaver Creek on Mar. 5 was 10 ft3/s; May 11, 8 ft’/s; July 5, 6 fts/s: and
Sept. 13, 4 ft3/s. For the same dates the estimates of inflow from Rock Creek were 12 ft?/s,
10 £t%/s, 10 £t¥/s, and 1 £t¥/s, respectively. The outflow is controlled at low lake stages
by a concrete dam at the outlet.

Lake stage.
Lake stage varied 2.5 feet between March 6 and September 13, 1973.

Macrophytes.

Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 1 percent.

Lake bottom covered by submersed plants, 33 percent.

Rooted aquatic plants observed were water milfoil (Myriophyllum sp.),* cattail (Typha sp.),
white lily (Nymphaea sp.), yellow lily (Nuphar sp.), sedge (Cyperaceae), watershield

(Brasenia sp.), waterweed (Elodea sp.), pondweed (Potamogeton sp.), and muskgrass (Chara sp.).

Algae ohserved.
June 25 - Predominantly diatoms (Asterionella sp.,* and Fragillaria sp.).

Asterisk (*) indicates dominant aquatic plants.

Summary and conclusions.
Sawyer Lake is a large lake that appears low to moderate in biological productivity. The
nitrate nitrogen concentration in late winter (0.65 mg/1), when the lake water was mixed, was
the highest of the lakes studied. By fall, the nitrate nitrogen concentration in the epilim-
nion had decreased to 0.01 mg/l. The total phosphorus concentration was not especially high.
Strong thermal stratification developed early in the year and by fall the DO below a depth
of 24 feet was depleted to zero. A mild bloom of diatoms was observed during a visit to the
lake in September.

Fecal-coliform bacteria sampled from the various sites were highest in June, ranging from

10 to 142 and with a mean of 71 colonies per 100 ml. Most of the lakeshcore is residentially
developed; however, the cultural impact is probably lessened by the dilution capacity of

the large lake volume, :
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LAKE DATA

{Milligrams per litre unless otherwise indicated}
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Date of collection (1973)---— March B
water depth (ft)----=-----==~-- 3 54
silica {§i0p)----=uw=-—--om-—= 8.6 10
pissolved iron (Fe), in pg/l-- 60 140
Dissolved manganese {Mn)------ 10 60
(in npg/1}
calcium {€Ca) ---------—----=-- 12 —
Magnesium (Mg} -----=--------~ 5.0 -
Sodium {Na) -~---emr-mcenmmwnrr 8.6 _—
Potassium (K) ------------=-= .7 --
Bicarbonate (HCO3) ---------- 61 80
Carbonate (co3) .............. - -
Sulfide (§)-------smm======= - -
Sulfate {504)-------------=-- 17 -
Chloride (Cl}=--r--=---=------ 2.5 -—
Nitrate nitrogen {as N)------ .65 .60
Nitrite nitrogen {as N)------ .01 .01
Ammonia nitrogen {as N}------ .05 .12
Organic nitrcgen {as N)------ .25 .19
Total phosphorus {as P}------ .01l 012
Orthophosphate {as P)er--=-m-—~ Q0o . 000
Suspended seolids (110°C)----- 1 -=
Hardness as CaCO3y {Ca,Mg)---- sl -
Specific conductance--------- 125 150
{micromhos at 25°C)
pH (pH units)---------------~ 7.5 7.3
Water temperature {°C}------- 6.8 4.8
Colar (Pt-Co scale)---------= 10 15
Secchi-dise {ft)----------==~ 14
Dissolved oxygen (DO)-------- 12.4 6.8
Chlorophyll a in photic zone- 2,2 --
{ng/1)

Fecal coliform Range-- <l-<1
{col. per 100 ml) Mean-~~ <1l
Total organie carbon (as €)-- 3.5 -

EXPLANATION obs 8 12
ITREES
al- i
B
Temperalure - '
w2l 3
w
= - }.—
- [
Dissolved oxygen concentration Z ZO_ “_
I
cap | i
Thearetical  dissolved N - 1
axygen  soturgtion w36 i
L ¢ i)
F
FRsl i
3 - lf ;..
s2b |7 i
n—/' -
| I T
4 & [+ 14

May 10 June 25
_3a_ 54 —3 _54
6.7 11 5.3 12
30 150 20 370
0 110 10 250
64 62 71 72
L4l .58 11 .46
.00 .00 .00 .00
.05 .08 07 .06
.22 .20 .06 .01
,007 .17 .022 .023
. 001 .002 ,002 .Dos
138 131 1329 134
6.5 6.6 7.8 6.7
13.0 6.5 19.8 6.9
30 35 10 15
15 14
10.8 4.8 9.6 1.2
1.3 - 2.1 -
<l-1 10-142
<1 71
3.0 - 6.0 -

TEMPERATURE, 1M DEGREES CELSIUS

6 8 12 6 20
T Tyl T
Hi

11 1 L

1 1
4 8 12 0z & 10 4
DISSOLVED —OXYGEN CONCENTRATION, IN MILLIGRAMS PER

LITRE

September 13

2 .49
6.9 12
40 900
0 510
9.4 -
5,3 -
11 -
.6 -
73 75
15 -
2,2 -
.01 .07
.00 .ol
.06 .34
,25 .03
.008 .049
.002 .029
1 [p—
45 -
143 130
7.4 7.3
18,9 7.0
5 35
13
10.3 .2
2,5 --
<13
1
4.5 -
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&
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Sawyer Lake, King County.

From U.S. Geological Survey, June 6, 1973.



Sawyer Lake, King County. June 1, 1970. Approx. scale 1:12,000.
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Scott Lake near Maytown (12029050)

Location.
Lat 46° 55'12", long 122°56'07", in NEMNE% sec.33 T.17 N., R.2 W., Thurston County, 1.7 miles

north of Maytown; Chehalis River basin. Maytown quadrangle 1:24,000.

Physical characteristics of lake.

Drainage area 2.52 sq mi Mean depth 11 ft sShoreline configuration 1.1
Altitude 189 ft Maximum depth 18 ft Development of volume 0.69
Surface area 69 acres - Length of shoreline 6,700 ft Bottom slope 0.92 percent
Lake volume 760 acre-ft

Basin geclogy.
Glacial drift deposited primarily as recessional outwash and alluvial deposits of peat
and muck (Noble and Wallace, 1966).

Soils,
Mostly gravelly sandy loam and peat (Ness, 1958).

Land use (percentage of drainage basin). Urban 0, suburban 1, agricultural 26, forest or
unproductive 65, and lake surface 8.

Nearshore residential development. 72 percent.

Number of nearshore homes. <6.

Surface-water inflow and outflow.
Scott Lake is fed by a perennial stream that originates from springs and from the outflow of
Deep Lake. BAn estimate of inflow on February 21 was 7.7 ft3/s; april 25, 6.4 ft3/s; June 29,
4.8 fta/s; and September 17, 1.4 ft3/s. The measured lake outflow on the same dates were
10.0 £td/s, 8.35 £t3/s, 6.92 ft¥/s and 1.82 ftd/s, respectively.

Lake stage, ) .
Lake stage varied 0.5 foot between February 28 and September 5, 1973.

Macrophytes.

Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 5 percent.

Lake battom covered by submersed plants, 36 percent,

Rooted aquatiec plants observed were Yyellow 1lily (Nuphar sp.),* waterweed (Elodea sp.),*
cattail (Typha sp.), sedge (Cyperaceae}, and pondweed (Potamogeton sp.).

Asterisk (*) indicates dominant aguatic plants.

Algae observed,
Rpril 25 - A mixed population of green algae and diatoms.
June 29 - A mixed population of blue-green algae (Nostoc sp.) and diatoms (Asterionella sp.).

Summary and conclusions.
Scott Lake appears to be moderate in biological productivity. Total phosphorus, nitrate
nitrogen, and chlorophyll a concentrations were high when the lake was vertically mixed in
late winter. A bloom of predominantly blue-green algae and diatoms was observed during
visits to the lake in the spring and early summer. The DO content in the epilimnion remained
near saturation throughout the summer and was only partially depleted near the lake bottom.
The mucky littoral bottom supported a heavy growth of submersed macrophytes, primarily
waterweed. About one-third of the lake is bordered by a golf course and private park.
Surface runoff from the golf course and the existing nearshore homes increases the potential
for cultural eutrophication. Conversely, the flushing action of the year-round inflow and
outflow probably lessen the impact of cultural eutrophication.
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Water-quality data for Scott Lake.

[Milligrams per litre unless otherwise indicated]

Date of collection (1973)-——.s February 21 April 25 June 29 September 17
Water depth (ft)-------c------- 3 13 3 11 3 11 3 11
Silica (§i0g)=====-=mmmmmm 13 19 is 16 16 18 12 15
Disgolved iron {Fe)}, in ag/l-- 250 250 180 240 100 190 130 540
Dissolved manganese (Mn)------ 1g 10 20 20 4] 10 10 40
(in pg/1)
Calcium (€a) ==eo----oaooaen 8.5 - -~ - - - 11 -
Magnesium (Mg) ---~---cco--m- 2.6 -- -- - - -- 3.0 “—
Sodium {Na} -------coomoamm- 4.7 - - - - - 5.6 _—
Potassium (K) -----=e--v----- .8 - - - - - 1.6 —
Bicarbonate (HCO3) ---------- 32 30 33 1z ig 40 a4 46
Carbonate (CO4}---we-------o- 0 0 o ] 0 0 0 0
Sulfide (8)-------ccr--m--om- - -- - - -- -- -- -
Sulfate (S04)-------------=«- 14 -- -- -- -- -- 14 -
Chloride (Cl)---------——---=« 4.8 -- -- -- - -- 3.8 --
‘Hitrate nitrogen (as M)------ .22 .22 .0 .04 .02 .02 .01 .04
Nitrite nitrogen (as N)------ .00 .00 00 .00 . oo .0 .01 .01
Ammonia nitrogen [as N)------ W17 .21 .l§ .22 .21 .15 .70 11
Orgenic nitrogen (as N)------ .31 .16 .22 .20 .16 .10 .31 .37
Total phosphorus (as Py------ 021 .021 021 019 L0311 LG42 .025 L G47
Orthophosphate {ag P)r==------ 002 . 004 .003 . 003 .0g5 , 005 .002 . 004
Suspended solida (110°C)---=- 0 - - - - - 0 -
Hardness as CaC0y (Ca,Mg}-=--- 32 -- - - -— -— 40 -
Specific conductance--------- 81 a1 40 92 94 96 104 108
{micromhos at 25°C}
pH (pH units)-----=-v--------- 7.2 7.1 6.8 6.8 7.0 6,6 5.5 5.5
Water temperature (°C)------- 6,2 6.0 12.2 11.8 18.3 15.8 17,6 15.8
Color (Pt-Co scale)---------- 30 30 55 45 5 10 10 10
Secchi-disc (ft)------------- 4,9 4.9 6.6 B,9
Dissolved oxygen {DO)-------- 11.8 11.6 11.8 2.1 9.5 4.6 9.8 4.9
Chlorophyll a in photic zone- 19 - 5.8 - 3.9 -- 3.7 -
{ng/1)
Fecal coliform Range-- <1=2 <1-7 10-58 1-18
{eol. per 100 ml) Mean=-- 1 3 29 5
Total organic carbon (as C)-- 7.0 -= 5.5 - 4.5 -- 3.5 -

TEMPERATURE, IN DEGREES CELSIUS

4 7 1611 13 15 4 15 17 19
EXPLANATION L O AN
5 .
I - L
Temparoture - al N |
=
Dissclved onrygen concentrotion 8 7 B
o
ok - -
o -~
Thecrelical  dissolved u'z_
owygen  saturaiion =2 r - =
—1g 11

i 1"
15 3 5 k] 13 1 3 T 11 3 T 1
DISSOLVED —QXYGEN CONCENTRATION, IN MILLIGRAMS PER LITRE
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s L vk
N
0 1000 2000 FEET
l | : | i |
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a &

Water quality Public boat access
sampling site’ .

Marsh

Scott Lake, Thurston County. From Washington
Department of Game, May 27, 1950.
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Scott Lake, Thurston County. July 31, 1973. Approx. scale 1:4800.
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Shoecraft Lake near Tulalip (12158000)

Location.
Lat 48°07'34", long 122°18'20", in SE4%SWX% sec.33, T.31 N., R.4 E., Snohomish County, 4.2 miles
north of Tulalip; Tulalip Creek bhasin. Stanwood and Tulalip quadrangles, 1:24,000.

Physical characteristics of lake.

Drainage area 6,02 sq mi Mean depth 18 ft sShoreline configuration 1.5
Altitude 324 ft Maximum depth 35 ft  Development of volume 0.51
Surface area 130 acres Length of shoreline 13,000 ft Bottom slope 1.3 percent
Lake volume 240 acre-ft

Basin geology.
Glacial drift deposited principally as ground moraine (Newcomb, 1952).

Soils.
Gravelly sandy loam with local peat deposits (Anderson and others, 1947),

Land use (percentage of drainage basin}. Urban 0, suburban 7, agricultural 3, forest or
unproductive 72, and lake surface 18.

Nearshore residential development. 100 percent.

Number of nearshore homes. 100.

Surface-water inflow and outflow.
Shoecraft Lake receives surface-water inflow from Goodwin Lake. The outflow from Shoecraft
Lake is regulated by a concrete weir and flashboards.

Lake stage.
Lake stage wvaried 1.1 feet between March 14 and September 24, 1973. Daily lake-stage data

can be obtained from a report by the U.S. Geological Survey (1973).

Macroghztes.

Shoreline covered by emersed plants, 1 to 10 percent.
Lake surface covered by emersed plants, 0.1 percent.
Lake bottom covered by submersed plants, <1 percent.

Rooted aguatic plants observed were muskgrass (Chara sp.),* white lily {(Nymphaea sp.},
yellow lily (Nuphar sp.), sedge (Cyperaceae), smartweed {(Polygonum sp.), and waterweed

(Elodea sp.).

Asterisk (*) indicates dominant aguatic plant.

Algae observed.
May 29 - Predominantly blue-green algae (Nostoc sp.) and some green algae (Pediastrum sp.).

Summary and conclusions.
Shoecraft Lake has a relatively small velume and the entire shoreline is occupied by
residences. In addition, Goodwin Lake drains into. the lake. These factors suggest a high
potential for cultural eutrophication. The lake appears to be moderate in biological
productivity. The chlorophyll a and nutrient concentrations were moderate. The littoral
zone is composed of mostly sand, gravel, and cobbles and supported only a light growth of
aquatic macrophytes.




Water-quality data for Shmecraft Lake,

LAKE DATA

[Milligrams per litre

unless otherwise indicated)
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Date of collection {1973)————_

Water depth [(ft)-----r-wmeeua-a

Silica (8103} ----—-mmmmmmm——
Dissolved iron {(Fe}l, in ung/l--

Dissolved manganese (Mn)======
{in pg/1}
Caleium (Ca) ---c-eommmooas
Magnesium (Mg} --~e---cen-oo--
Sodium (Na)
Potassium (K)

Bicarbonate {HCO,}

Carbonate (003) ..............
Sulfide (§)}--meamuee-mommoncnn
Sulfate (S0g)-----------v=n=~
Chloride {Cl)-------—-==--ce=x
Hitrate

Ammonia nitrogen {as M)------
Organic nitrogen
. Total phosphorus {as P)------
Orthophosphate (as P)--«en--~
Suspended solida (110°C)~---~
Hardness as CaC03 (Ca,Mg)----

Specific conductance---------
{micromhos at 25*C)

pH (pH unitg)-----—---weac---
Water temperature (°C)-------
Color (Pt-Co scale)----------
Secchi-disc {ft)---------===~-
Dissolved oxygen (DO)--------

Chlorophyll a in photic zone-
(ng/1)

Fecal coliform
(col. per 100 ml)

Range--
Mean---

Total organic carbon {as €}--

EXPLANATION

Temperature

Dissclvad oxygen concentration

Theoretical
oxygen

dissolved
saturation

March 14
3 3
0.6 0.5
30 9
20 20
5.1 -
3.1 -
3.9 -
1.0 -
26 26
5.5 --
4.8 -
.02 .01
.00 .00
.11 .11
.33 .33
.11 .21
.002 .002
s -
26 -
67 67
7.3 7.3
7.0 7.0
20 20
4.9
12,1 12.0
12 -
2-1}
7
6.5 -
04 - B
b4 | H
(')
w L I o
|
2 12F i
s rin
w20 M
ud i
o =t
t
w 28 t A
¥ 4
a L ¢ ]
J 1
36 ia

May 289 June 27
3 a3 3 3l
0.4 1.3 0.7 L.5
20 720 20 930
Q 280 0 370
27 32 a3 42
- 0o - 0
.01 L0l .00 ,01
00 .00 .00 .00
.04 .10 .09 .21
32 35 .06 .18
,018 .034 .014 , 057
.003 002 .004 .002
70 75 &9 78
6.8 7.2 6.9 6,1
16,4 2.4 19.7 10.0
5 5 15 .30
9.8 12
9.5 1.0 9.2 .8
1.7 - 3. -
<1l-1 5-8
L 3
6.5 -- 8.0 -
TEMPERATURE, IN DEGREES CELSIUS
a 12 16 20 8 §2 16 20
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I
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1
L [
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= -
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I H
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DISSOLVED —OXYGEN CONCENTRATION,

IN  MILLIGRAMS
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LITRE

September 24

3 30
1.6 2.1
110 00
40 870
5.0 -
3.4 -
3.8 w—
1.0 —_
30 34
- Q
5.2 -
5.4 -
D2 .02
.00 .00
.08 .62
.36 .34
L041 .038
. 608 004
1 -
26 -
72 86
7.3 -
16.5 13,9
0 25
13
7 .4
2. -
1-7
3
6.0 _—
1 22
HE
]
| M
]
Vi
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Shoecraft Lake, Snohomish County. From Washington
Department of Game, May 22, 1952.
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Shoecraft Lake, Snohomish County. April 16, 1970. Approx. scale 1:12,000.
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Spanaway Lake near Spanaway {(12090450)

Location.

Lat 47°07'11",long 122° 26'45", in SE%NE% sec.20, T.19 N., R.3 E., Pierce County, 1.2 miles
northwest of Spanaway; Chambers Creek basin. Spawnaway quadrangle, 1:24,000.

Physical characteristics of lake.

Drainage area 17.0 sq mi Mean depth le ft shoreline configuration 1.9
Altitude 318 ft Maximum depth 28 ft Dpevelopment of volume 0.57
Surface area 280 acres Length of shoreline 23,000 ft Bottom slope 0.71 percent
Lake volume 4,600 acre-ft

Basin geology.
Glacial drift with some local peat and muck deposits (Walters and Kimmel, 1968}).

Scils.

Mostly gravelly sandy loam and peat deposits on west-central side of the lake {Anderson and
others, 1955). )

Land use (percentage of drainage basin). Urban 5, suburban 38, agricultural 0, forest or
unproductive 54, and lake surface 3.

Nearshore residential development. 80 percent.

Number of nearshore homes. 220.

Surface-water inflow and outflow.
Spanaway Lake has a perennial inflow and ocutflow located at the north and south end cf the
lake, respectively. An estimate of 1nflow on Feb. 16 was 6.4 ft /s, Apr. 23, 3.5 ft /s,
June 185 6.5 ft /s: and Aug. 28 1.8 £t /s. The measured lake outflows on the same dates were
18.6 ft°/s, 14,6 ft /s, 9.7 £t? /s, and 3.9 ft /s, respectively.

Lake stage. .
Lake stage varied 0.6 foot between February 16 and August 28, 1973.

Macrophytes.
Shoreline covered by emersed plants, 26 to 50 percent.

Lake surface covered by emersed plants, 1 percent,

Lake bottom covered by submersed plants, 1l percent.

Rooted aquatic plants observed were cattail (Typha sp.), white lily (Nymphaea sp.}, yellow
1ily (Nuphar sp.), sedge (Cyperaceae), watershield (Brasenia sp.), coontail (Ceratophyllum sp.},
waterweed (Elodea sp.), and pondweed (Potamocgeton sp.).

Algae observed.
April 23 - A mixed population of green algae and diatoms.
June 18 - Predominantly diatoms (Fragillaria sp.) and some blue-green algae (Anabaena sp.).

Summary and conclusions.
Spanaway Lake appears to be moderate to high in biological productivity. During the winter
mixing period the concentration of nitrate nitrogen was very high (0.60 mg/l), but by
mid-June had decreased to 0.02 mg/l. The DO was depleted ':0 nearly zerc in the hypolimnion

by mid-June. A bloom of blue-green algae and diatoms was observed during visits to the lake
in April and June.

About 80 percent of the lakeshore is occupied by residential homes. The number of nearshore
homes increased from about 122 to 220 between 1959 and 1973. Summertime recreational use of
the lake is heavy. These cultural factors plus a naturally large drainage area increase the
potential for eutrophication. A continued flushing of the lake by the year-round inflow and
outflow, however, does aid in the removal of nutrients from the lake.



Water—quality data for ' Spanaway Lake,

LAKE DATA

[Milligrams per litre unless otherwise indicated]
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Date of collection {1973)-----

February 15 April. 23 June 18
Water depth (ft)----—-————==-—- 3 23 3 21 3 21
Silica (8i0g)----——---—==--—-x 12 12 11 13 6.2 18
Dissclved iron (Fe), in ng/l-- 220 230 120 590 210 4,900
Rissolved manganese (Ma)-———-- e 20 10 70 0 530
{in pg/1}
Calcium (€a) -------mmmmcemon 9.9 - - - - -
Magnesium {Mg) -------ea----a 3,1 — — - — —
Sodium (Na) ----------oma--a- 4.5 - - - - _—
Potassium (K) ------------=-- .9 -- -— - -— ) -—
Bicarbonate (HCO3) ---------- 41 45 44 To43 51 64
Carbonate {CO3)-~-----=---=== Y o o 0 o 0
Sulfide (S}------------------ - -- -- - -- o
Sulfate (S04} 5.0 - -- - - --
Chleoride (Cl) 5.4 -- -- - -- --
Nitrate nitrogen (as Hy------ 60 60 49 37 .04 "ol
Nitrite nitrogen {as N)------ 221 01 o1 oL .01 .ol
Ammonia nitrogen {as M)------ .13 .12 W13 .31 .11 1.1
Organic nitrogen {as N)------ .57 .31 .24 .10 .08 .00
Total phosphorus {as P)------ .022 .020 ;015 .046 .028 .25
Orthophosphate [as P)-------- - 003 -003 - 085 .017 -001 070
Suspended solids (110°C)----- 4.0 == - -- _— -
Hardness as CaC0y (Ca,Mg)---- as - - - - -
Specific conductance---~------ " 94 . 95 91 94 93 116
{micromhos at 25°C)
pH {pH units)---------=--=s== 8.3 8.2 6.4’ 6.2 8.0 6.8
Wwater temperature (°C)------- 5.1 5.0 12.8 9.2 16.3 11.0
Cplar (Pt-Co scale)---------- 15 15 29 40 5 50
Secchi-disc (ft)---v--------- 4.9 " 8.5 7.9
Dissolved oxygen (DO}-------- 13.6 13.4 11.0 1.5 10.4 11.1
Chlorophyll a in photic zone- 5.5 -— 2.7 -— 7.3 -
(39/1)
Fecal colifeorm Range-- <1-68 <1-4 1-12
(col. per 100 ml) Mean--- 17 1 4
Total organic carbon {as C)-- 7.0 - 3.5 C - 7.5 -=
TEMPERATURE, IN DEGREES CELSIVS
EXPLANATION 3 6 8 0 12 14 1011 i3 15 17
o T T T T T 171 LI B
Temperature Y r i
b, - - oA
- -1 H
w o ] - : .
w T 0
“oapkl |4 - e
Dissolved oxygen concenirglion = k|4 i i m
- =1 .
LR [ = e
Theoretical dissoived T *?;' 1 / o A
oxygen  saturgtion o 18p A B E; B
=1 o -1 . -, .
] ‘
w 20K [ o -
x = - ba ~
<1 “ .
3 24F - -
sgll. 1 L4yt 111
12 18 0 4 B 12 Q-2 [ 10 14
DISSOLVED —OXYGEN CONCENTRATION, IN MILLIGRAMS

f

PER LITRE
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.01 .0k
.14 3.1
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39 --

106 199
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Sponowoy Creek

1000 2000 FEET
1 |

VEXPLANATION

20
Line of equal

water depth
Interval 10 feet

a
Water quality
‘sampling site

®
Coliform bacteria
sampling site

&
Public boat access

Unnomed tributary

Spanaway Lake, Pierce County. From Washington
Department of Game, February 2, 1950.
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e
R rkt..-"‘.---——.-- - &

Spanaway Lake, Pierce County. May 15, 1970. Approx. scale 1:12,000.
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Tiger Lake near Belfair (12065020)

Location.
Southernmost shoreline point, at lat 47°30'31", long 122°50'08", in SEMSWY se¢.5, T.23 N.,
R.1 W., Mason County, 4.1 miles north of Belfair; Mission Creek basin.
Wildcat Lake quadrangle, 1:24,000.

Physical chafacteristics of lake.

Drainage area 0.70 sq mi Mean depth 19 ft  shoreline configuration 1.7
Altitude 496 ft Maximum depth 40 ft  pevelopment of volume 0.48
Surface area 110 acres .Length of shoreline 13,000 ft Bottom clope 1.6 percent
Lake volume 2,200 acre-ft

Basin geology.
Glacial drift (Huntting and others, 1961).

Soils, .
Mostly gravelly sandy loam (Ness and Fowler, 1960).

Land use (percentage of drainage basin). Urban 0, suburgan 14, agricultural 0, forest or
‘unproductive €1, and lake surface 25. ’

Nearshore residential development. 100 percent.

Number of nearshore homes. 80.

Surface-water inflow and outflow.
Minor inflow was observed from two unnamed tributaries (dry in summer). The outflow was
estimated at 1.0 ft?/s on February 28, but was dry on subsequent visits.

Lake stage,
Lake stage varied 2.5 feet between February 28 and September 5, 1973.

Macrophytes.

Shoreline covered by emersed plants, 11 to 25 percent.

Lake surface covered by emersed plants, 4 percent.

Lake bottom covered by submersed plants, <1 percent.

Rooted aquatic plants observed were cattail (Typha sp.), white lily (Nymphaea sp.}), yellow
lily (Nuphar sp.), pondweed (Potamogeton sp.), and quillwort (Isocetes sp.).

Algae observed.
No data.

Summary and conclusions.
Tiger Lake is a soft-water lake low in dissolved minerals and biological productivity.
The chlorophyll 2 and nutrient concentrations were low throughout the summer. The gravelly,
sandy littoral zone supported only a light growth of aquatic macrophytes. WNearly all the
shoreline is occupied by seasonal and permanent homes and the lake has a high summertime
recreatdonal use. Although the overall water quality conditions of Tiger Lake are excellent,
the potential for cultural eutrophication is relatively high.




Water-quality data for Tiger Lake.
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Date of collection (1973)---—

Water depth (ft)----===e----u- 3 34
Silica {Sidg)----——s===r——-——- 1.4 1,4
Dissolved iron (Fe), in ug/l-- 9,0 20
Dissolved manganese {Mn)-----= 10 0
{in pg/1)
Calcium (Ca) -------e-vmommo- 1.8 .
Magnesium (Mg) -------------- 4 __
Sodium (Na) -—----emee---mm-vo 1.2 .
pPotassiom (K} ---------=--=-= 0 .
Bicarbonate (HCO3) ---------- 6 7
Carbonate (003) ______________ o o
Sulfide (§)-------—er======== - .
Sulfate {S04)--------w=------- 1.8 .
Chloride (Cl)---------«=r---~- 2.3 -
Nitrate nitrogen (as N)------ 2 .19
Witrite nitrogen (as W}------ .00 .00
Ammonia nitrogen {(as B)------ .04 .05
Organic nitrogen {as W)------ .13 7
Total phosphorus [as P)------ .009 ,007
orthophosphate (as P}-------- Qoo . 000
Suspended solids (110°C)----- 3 -
Hardness as €aCDy ({(Ca,Mg)---- 6 --
Specific conductance--------- 16.4 16.2
{micromhos at 25°C)
pH (pH wnits)-------w----=--= 7.1 7.3
Water temperature (°C)------- 6.1 5.4
Color (Pt-Co scale)---------- o 2
Secchi-disc {ft}------------= 21
Dissolved oxygen (PO)-------- 12.7 12,8
Chlorophyll a in photic zone- 2,0 -
(pg/1}
Fecal coliform Range-- <1l =18
(col. per 100 ml) Mean--- 5
Total organic carbon {as €)-- 3.5 -
EXPLANATION . -
. 0]
Temperotura = o
1S
Dissolved oxygen toncentration 2 T
z |}
Theoretical  dissolvad E 2al
oxygen  saturction a L
¥ 3fb
3
905 * 14

February 28

May 7
3 34
1.3 1.3
100 40
0 ]
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8.5 B.2
13.2 11.2
15~ 15
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10.4 5.9
1.8 -—
<1-9
3
3.5 -

June 20
3 33
1.0 1.0
20 60
o] o]
11 12
[ Q
.01 .01
oo .00
03 o7
.07 .06
004 L0611
.001 .002
6.5 6.4
17.8 15.5
0 5
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9.2 5.7
2.2 —-
<1-30
10
5.0 --
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tributories

// unnomed

1000 2000 FEET
L | | J

EXPLANATION

10
Line of equal
water depth
Interval 5§ feet
a
Water quality
sampling site

Coliform bacteria
sampling site

A
Public boat access

Tiger Lake, Mason County. From Washington
Department of Game, June 18, 1952,



Tiger Lake, Mason County. May 28; 1972. Approx. scale 1:12,000.
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Williams Lake near Amber (13351500)

Location,
Southernmost shoreline peoint, at lat 47°19'02", long 117°42'28", in NE4NWY% sec.13, T.21 N.,
R. 40 E., Spokane County, 2.5 miles south of Amber; Palouse River basin.
Cheney quadrangle, 1:62,500.

Physical characteristics of lake.

Drainage area 21.8 sg mi Mean depth 37 ft Shoreline configuration 2,1
Altitude 2,052 ft Maximum depth 115 ft Development of volume 0.32
Surface area 320 acres Length of shoreline 28,000 ft  Bottom slope 2.7 percent

Lake volume 12,000 acre-ft

Basin geolegy.
Basalt {(Huntting and others, 1961}).

Soils.
Shallow, stony soils and stony silt loam (Donaldson and Giese, 1968).

Land use (percentage of drainage basin). Urban 0, suburban <1, agricultural 77, forest or
unproductive 21, and lake surface 2.

Nearshore residential development. 24 percent.

Number of nearshore homes. 25,

Surface-water inflow and outflow.
The lake receives minor inflow early in the year from an unnamed tributary. The outglow
on April 4 was 0.4 fts/s; May 22, 0.1 fts/s; July 10, 0.1 ft3/s; and Oct. 2, 0.1 ft°/s.

Lake stage.
Lake stage varied 2.1 feet.,between April 4 and Octocber 2, 1973. Fragmentary lake-stage
data can be obtained from a report by the U.S, Geological Survey (1973).

Macrophytes. .
Shoreline covered by emersed plants, 26 to 50 percent.
Lake surface covered by emersed plants, 2 percent.
Lake bottom covered by submersed plants, 9 percent,
Rooted aquatic plants observed were cattail (Typha sp.), sedge (Cyperaceae), coontail
(Ceratophyllum sp.), waterweed (Elodea sp.}, pondweed (Potamogeton sp.), and water milfoil
(Myriophyllum sp.).

Algae observed.
May 22 - A mixed population of blue-green algae (Oscillatoria gp.), diatoms (Tabellaria sp.),
and green algae (Spircgyra sp.).
July 10 - A mixed population of flagellates (Ceratium sp.), diatoms (Fragillaria sp.), and
blue-green algae (Oscillatoria sp., Polycystis sp.).
Oct. 2 - A mixed population of flagellates (Ceratium sp.),* diatoms (Asterionella sp.,
Flagillaria sp.), blue-green algae ({Dscillatoria sp., Anabeana sp.}, and

green algae {Staurastrum sp.).

Asterisk (*) indicates dominant aguatic plant. .

Summary and conclusions.
Williams Lake appears moderate to high in biological productivity. Moderate concentrations
of chlorophyll a were observed during the four visits to the lake and total phosphorus
concentrations were relatively high. A bloom of flagellates, diatoms, and blue-green algae
occurred during the spring and summer. Generally, the aquatic macrophyte growth was light;
however, areas of dense plant growth were present. The DO during the summer was entirely
depleted below a depth of about 25 feet.

Nearshore residential development is limited to .areas along the northeastern and northwestern
shorelines of the lake.




Water-quality data for Williams Lake,
[Milligrams per litre unless otherwise indicated]

Date of collection (1973)-—o-- April 4 May 22 July 10 Qctober 2
Water depth (ft)~-—---~=mweuan= 3 110 3 112 3 112 —3  _110
Silica (8i0p)----—-—-~eecmmm—- 0.1 0.7 0.2 2.1 .3 3.0 2,0 4.4
Dissolved iron (Fe}, in ng/l-- 20 70 ao 290 30 1,400 10 1,500
Dissolved manganese (Mn)----== 50 220 20 1,400 40 1,400 50 1,400

{in pg/l1) ’
Calcium (€a) -e-cvmcocomnoons 21 - - —_— -— — 17 .
Magnesium (Mg} -------e--ue-- 13 _— - - - - 13 -
Sodium (Na} -ec--vo-occnan-n- 15 - - -— - -— 17 -
Potassium (K} -----=~c------- 7.0 -— - - - - 7.0 -
Bicarbonate (HCO3) ~-r--w---=- 162 163 164 165 147 169 le2 178
Carbonate (C0g)-------------- - - - - 7 -— - -
Sulfide [8)-----------amee-n- -- -- - - -- 0 -- 1.5
Sulfate (504)-—-=-ccv--memne- 5.2 -= - - - - 4.3 -
Chloride (€1}----—---------=- .2 - - - -- -- 1.3 -~
Nitrate nitrogen {as N)------ .08 .14 .02 .20 .02 .06 .00 .0L
Nitrite nitrogen (as N)------ .01 .01 .00 ,00 Do .00 00 o0
Ammonia nitrogen (as M)------ .12 . 20 06 .82 .03 1.3 .04 1.8
Organic nitrogen {as N)------ . 26 .21 49 .38 .09 1.3 47 .90
Total phosphorus (as P)------ .045 -044 .026 .11 .027 .23 .016 .31
Orthophosphate {as P)---—---- . 003 . 003 L0031 .048 ,002 .18 ,005 .28
Suspended solids -{110°C)----- 8 - - - - -= 1 -
Hardness as CaC0y (Ca,Mg)---- 110 - - - - - 96 -
Specific conductanc@-~~+-=--~-- 240 235 255 255 250 250 240 260

{micromhos at 25°C)
PR (pH wnitg)--m-oocooooo 6.6 6.7 8.2 7.1 8.8 7.2 8.0 7.6
Water temperature {°C}------- 7.9 5.0 16.6 5.7 20,7 5,2 4.8 5.5
Color (Pt-Co scale)-=--------- 10 is 35 o 0 10 10
Secchi-dise (ft)--------c-m=-= 12 7.9 5.9 12
Dissolved ocxygen [(DO)-------- 11.5 7.7 10.9 .B 7 1 2
Chlorophyll a in photic zone- 5.3 -- 2.4 -- - 3. —

{ng/1)

Fecal coliform Range-- <l-<1 <1l=<1 <1l-2 <l-<1
{col. per 100 ml} Mean--- <l <1 1 <1
Total organic carbon {as C)=-- 6.0 -— 7.5 . - 8.0 —_— 6.5 _

' TEMPERATURE, IN ODEGREES CELSIUS
EXPLANATION 5 9 13 7 46 10 14 18 22 3
¢ T 1 1T 131 LI B A B A |
8 [~ . : B o N &
Temperatura B f H = — -
~ 24 = - 4 L
Lroo- -
w - b = — -
; Y 40 B g "
Dissalved oxygen conceatrotion z B ] _: B :_
- 58 - L J L
Theoretical  dissolved z L7 4 i 4 -
oxygen  sotyrgtion o 72 ,’ = - - -
a - K . - 5
! f
- — -
‘g’ a8 | ,’ R 1 L
3 ! E 1 T
oa H ! 4 I . -
I 4 L — -
2o L1 [ A | I T |
) 6 8 12 [+] 4 :] 12 o2 3 10 14 B8 o
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N

MILLIGRAMS"
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Unnamed fributary

Unnaomed  outlet

channel
Q 2000 4000 FEET
| | | | i
EXPLANATION
45 ®
Line of equal Coliform bacteria
water depth sampling site
Interval 20 feet
[ &
Water quality Public boat access

sampling site

Williams Lake, Spokane County. From
Washington Department of Game, January 1948,
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Williams Lake, Spokane County. July 25, 1974. Approx. scale 1:16,000.


















